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INTRODUCTION 

The  monographs  contained  in  this  report  are  the  result  of  the  delibera- 
1  2 

tions  of  the  ninth  and  tenth  sessions  of  the  Joint  FAO/WHO  Expert  Committee 
on  Food  Additives.  Therefore  the  monographs  should  be  consulted  together 
with  these  reports. 

The  opinions  recorded  are  based  upon  scientific  evidence  made  available 
to  the  members  at  the  time  of  the  meeting.  Every  effort  was  made  to  obtain 
all  the  information  on  each  substance  but  it  is  almost  inevitable  that  some 
work  has  been  missed.  The  committee  offered  its  apologies  to  those  whose 
work  may  not  have  been  taken  into  consideration. 

Specifications  on  these  food  additives  will  be  forwarded  as  working 
papers  to  the  participants  at  the  Fourth  Session  of  the  Codex  Committee  on 
Food  Additives  September  1967,  and  to  interested  organizations,  and  will  also 
be  available  on  request  from  the  Joint  FAO/WHO  Food  Standards  Branch  (Codex 
Alimentarius) ,  FAO,  Rome. 


1  FAO  Nutrition  Meetings  Report  Series.  1966.  No.  40;  Wld  Hlth  Ore.  techn. 
Ren.  Ser.. 

2  FAO  Nutrition  Meetings  Report  Series,  in  press;  Wld  Hlth  Ore,  techn. 

Rep.  Ser..  in  press 
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N.OTES  ON  THE  BIOLOGICAL  DATA 


The  Committee  agreed  that  the  monographs  dealing  with  the  evaluation 
of  the  biological  data  should  be  drafted  along  the  lines  adopted  in  the  pre¬ 
vious  reports.  The  Committee  at  its  tenth  session  also  agreed  to  support 
in  principle  the  recommendations  made  by  the  Scientific  Group  on  Procedures 
for  Investigating  Intentional  and  Unintentional  Food  Additives. 

Acceptable  Daily  Intake 

The  Committee  decided  to  retain  the  method  of  expressing  the  acceptable 

daily  intake  that  had  been  adopted  in  earlier  reports  and,  in  appropriate 

cases,  to  continue  to  divide  the  over-all  zone  of  acceptability  into  two 

2 

parts.  For  detailed  discussion  see  the  Seventh  Report.  The  first  part 
of  the  over-all  acceptable  daily  intake  zone  has  been  termed  the  unconditional 
zone  of  acceptability,  and  this  represents  levels  of  use  that  are  effective 
technologically,  at  least  for  some  purposes,  and  can  be  safely  employed  with¬ 
out  further  expert  advice.  The  second  part  consists  of  a  conditional  zone 
of  acceptability  and  represents  levels  of  use  that  can  be  employed  safely  but 
at  which  it  is  thought  desirable  that  some  degree  of  expert  supervision  and 
advice  should  be  readily  available. 

Acceptable  Treatment  Level 


In  regard  to  the  flour-treatment  agents,  the  main  toxicological  and 

nutritional  considerations  are  concerned  with  treated  flour  rather  than  with 

the  food  additive  itself.  The  Committee  followed  the  procedure  adopted  in 
2 

the  Seventh  Report  for  benzoyl  peroxide,  chlorine  dioxide  and  potassium 
bronate  and  recommended  levels  of  flour  treatment  for  this  group  of  additives 
instead  of  setting  an  acceptable  level  of  daily  intake. 

Grouping  of  related  food  additives 


As  a  number  of  food  additives  are  closely  related  chemically  and  toxi- 
cologically,  the  Committee  adopted  a  system  of  grouping  of  food  additives. 

The  acceptable  daily  intake  is  expected  to  cover  all  the  specified  members 
of  the  group  that  may  be  included  in  the  diet.  In  some  cases,  a  given  food 
additive  may  be  related  to  two  grouns,  in  which  case  the  level  in  the  diet 
must  not  exceed  the  maximum  acceptable  level  for  either  group.  The  problem 
is  not  as  complicated  as  it  may  appear  at  first  sight,  since  many  of  the  sub¬ 
stances  in  a  group  of  additives  are  likely  to  be  used  as  alternatives  to  each 
other. 


jld  Hlth  Orp.  techn.  hen.  Eer.,  1%7.  3 

2 

FA0  Nutrition  Meetings  Report.  ,  rj6/  ,, 

Ren,  ber. T  1964,  281 - - M 


Wld  Hlth  Or r.  te^hr. 
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Request  for  further  work 

Previous  monographs  have  often  listed  further  work  that  seemed  to  be 
desirable.  However,  it  is  only  in  relatively  few  cases  that  the  studies 
requested  have  been  done,  although  in  some  cases  the  work  may  be  urgently 
needed  in  the  interests  of  the  consumer.  The  Committee  at  its  ninth 
session  therefore  agreed  to  request,  in  the  monographs,  only  work  that  is 
urgently  needed  in  the  interests  of  safety.  All  other  suggestions  for 
further  work  that  may  seem  desirable,  but  not  so  urgently  needed,  are 
included  under  the  heading  "Comments". 

The  Committee  draws  the  attention  of  manufacturers  and  users  of  food 
additives  to  the  fact  that,  in  future,  if  a  statement  about  further  work 
being  required  is  included  in  a  monograph,  this  matter  should  be  given 
urgent  attention.  If  the  additive  in  question  is  one  that  is  already  in 
use,  its  continued  use  will  be  supported  by  the  Committee  only  if  the 
further  work  required  has  been  carried  out  and  the  results  justify  con¬ 
tinuance  of  the  use  of  the  additive.  If  no  action  is  taken  to  provide 
the  further  evidence  that  is  required,  it  will  be  assumed  that  neither 
the  manufacturers  nor  the  users  are  interested  in  continuing  the  use  of 
the  additive.  In  this  case,  the  Committee  may  well  decide  to  recommend 
the  prohibition  of  its  use.  If  the  food  additive  is  a  new  substance  not 
yet  in  use  and  if  further  work  has  been  required,  a  conditional  intake 
level  may  be  established  for  a  limited  period  to  allow  the  results  of  this 
additional  work  to  be  submitted  and  studied. 

References 

Authors  who  have  submitted  papers  relevant  to  a  given  monograph  but 
who  are  not  mentioned  in  it  may  rest  assured  that  their  work  has  been  con¬ 
sulted.  In  the  interest  of  brevity,  however,  the  bibliographies  of  some 
monographs  may  be  restricted  to  the  more  recent  or  more  extensive  investiga¬ 
tions  in  the  field  in  question.  The  pioneering  achievements  of  the  earlier 
workers  in  these  fields  are  fully  appreciated. 
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NOTES  TO  THE  READER 

Further  general  renarks  on  the  biological  data  and  toxicological 
evaluation  in  these  monographs  as  well  as  reference  to  the  other  food 
additives  considered  by  the  Joint  Expert  Committee  may  be  found  in  a 
publication  entitled  -Explanatory  Notes  on  the  Activities  of  the  Joint 
FAO/WHO  Expert  Committee  on  Food  Additives". 

Any  new  information  and  comments  relating  to  biological  data  and 
their  evaluation  should  be  addressed  to:  Food  Additives  Unit, 

World  Health  Organization,  Avenue  Appia,  Geneva,  Switzerland. 


Off-print  from  Tenth  Report  of 
on  Food  Additives 


the 


Joint  FAO/WHO  Exnert  Committee 
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ACCEPTABLE  DAILY  INTAKES  FOR  MAN  OF  SOME 
ANTIMICROBIALS,  ANTIOXIDANTS  AND  ANTIOXIDANT  SYNERGISTS 


Compounds  considered 

Over-all  daily 
(mg/kg  bodj 

intake  zone'*' 
r-weight) 

Unconditional 

Conditional 

Benzoic  Acid 

Benzoate,  Potassium 

Benzoate,  Sodium 

0-5* 2 

2 

5-10 

Benzoate,  Butyl  p-Hydroxy 

Decision  postponed 

Benzoate,  Ethyl  p-Hydroxy 
Benzoate,  Methyl  p-Hydroxy 
Benzoate,  Propyl  p-Hydroxy 

0-23 

2-73 

Butylated  Hydroxyanisole 

Butylated  Hydroxytoluene 

0-0. 54 

0.5-24 

EDTA,  Di sodium 

EDTA,  Calcium  disodium 

0-1. 255 

1.25-2. 55 

Hexamethylenetetramine 
Hydrogen  Peroxide 
Isopropyl  Citrate  Mixture 


Decision  postponed 
Restricted  uses  (p.  52  ) 


0-7 


7-20 


The  first  part  of  the  over-all  acceptable  daily  intake  zone 
is  termed  unconditional  and  this  represents  levels  which  can  be  safely 
used  without  further  expert  supervision  and  advice.  The  second  part 
is  termed  conditional  and  represents  levels  of  use  that  can  be  safely 
employed  but  at  which  it  is  thought  desirable  that  some  degree  of 
expert  supervision  and  advice  should  be  readily  available. 

2 

As  sum  of  benzoic  acid  and  sodium  and  potassium  benzoate 
(calculated  as  benzoic  acid). 

As  sum  of  methyl,  ethyl  and  propyl  esters  of  p-hydroxybenzoic 

acid. 

4  As  sura  of  butylated  hydroxy toluene  and  butylated  hydroxyanisole. 

’  As  calcium  disodium  EDTA.  The  use  of  disodium  EDTA  is  recommended 
only  for  accurately  chelating  calcium. 
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ACCEPTABLE  DAILf  INTAKES  FOE  MAN  OF  SOME 
ANTIMICROBIALS,  ANTIOXIDANTS  AND  ANTIOXIDANT  ofNERGISTS 

(continued) 


Compounds  considered 

Over-all  daily  intake  zone 
(mg/kg  body-weight) 

Unconditional 

Conditional 

Propionic  Acid 

Propionate,  Calcium 

Propionate,  Sodium 

0-101 

10-201 

Sorbic  Acid 

Sorbate,  Calcium 

Sorbate,  Potassium 

0-12. 52 

12.5-252 

Sulfur  dioxide 

Potassium  metabisulfite 

Sodium  sulfite 

Sodium  metabisulfite 

Sodium  hydrogen  sulfite 

0-0. 353 

0.35-1. 53 

Antimicrobial  for  certain 
beverages 

Acceptable  level  of 
treatment  (ppm) 

Diethyl  Pyrocarbonate 

0-300 

.  As  S1f  of  ProPionic  acid  and  calcium  and  sodium 
propionate  (calculated  as  propionic  acid). 

culatl  «3™rbLSSrCld  ""  CalCiU"  a"d  P°USSlU"  S°rb*te  t'"1- 


ACCEPTABLE  DAILY  INTAKES  FOR  MAN  OF  SOME 
EMULSIFIERS  AND  STABILIZERS 


Compounds  considered 

Over-all  daily  intake  zone1 
(mg/kg  body-weight) 

Unconditional 

Conditional 

Cellulose,  Sodium  Carboxymethyl- 
Cellulose,  Hydroxypropyl  Methyl- 
Cellulose,  Methyl - 
Cellulose,  Methylethyl- 

0-302 

Higher  levels 
for  dietetic 
or  calorie 
control  pur¬ 
poses 

Acetic  acid  and  fatty  acid 
esters  of  glycerol 

Citric  acid  and  fatty  acid 
esters  of  glycerol 

Lactic  acid  and  fatty  acid 
esters  of  glycerol^ 

Mixed  tartaric  and  acetic 
and  fatty  acid  esters  of 
glycerol^ 

0-1003 

Diacetyl tartaric  acid  and  fatty 
acids  esters  of  glycerol 5 

0-25 

25-50 

Polyglycerol  esters  of  fatty 
ac  ids 

0-12.5 

12.5-25 

Propylene  glycol  esters  of  fatty 
acids 

0-206 

20-606 

Cholic  and  Desoxycholic  acids 
and  their  salts 

0-1.25 

1  The  first  part  of  the  over-all  acceptable  daily  intake  zone 

is  termed  unconditional  and  this  represents  levels  which  can  be  safely 
used  without  further  expert  supervision  and  advice.  The  second  part 
is  termed  conditional  and  represents  levels  of  use  that  can  be  safely 
employed  but  at  which  it  is  thought  desirable  that  some  degree  of 
expert  supervision  and  advice  should  be  readily  available. 

2  As  sum  of  these  cellulose  derivitives 

3  As  sum  of  these  fatty  emulsifiers. 

^  The  conditional  zone  of  acceptability  for  the  total  intake  of 
D(-)-lactic  acid  is  0-100  mg/kg. 

5  ^e  zone  0f  acceptability  for  the  total  food  additives  intake 
of  tartaric  acid  is  0-6  ng/kg  (unconditional)  and  6-20  mg/kg  (conditional). 

As  propylene  glycol. 


11 


ACCEPTABLE  TREATMENT  LEVELS 
FOR  SOME 

FLOUR- TREATMENT  AGENTS 


Name 

Acceptable  levels  of  treatment 
(ppm) 

Azodicarbonamide 

0-45 

Chlorine 

No  level  set 

Iodate,  Calcium 

Use  not  recommended 

Iodate,  Potassium 

Use  not  recommended 

Nitrogen  Oxides 

No  level  set 

Peroxides,  Acetone 

No  level  set 

Peroxide,  Calcium 

No  level  set 

Persulfate,  Ammonium 

No  level  set 

Persulfate,  Potassium 

No  level  set 

Stearyl  Tartrate 

0-5001 

1  „ 

Pftpp  "  - 
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ACCEPTABLE  DAILY  INTAKES  FOR  MAN  OF  SOME 
ACIDS  AND  BASES 


Compounds  considered 

Over-all  daily  intake  zone"*- 
(mg/kg  body-weight) 

Unconditional 

Conditional 

Acids 

Acetic  Acid 

Not  limited 

Adipic  Acid 

0-5 

Citric  Acid 

Not  limited 

Fumaric  Acid 

0-6 

6-10 

Glue  ono-de 1 ta-lac  tone 

(gluconic  acid) 

0-15 

15-50 

Hydrochloric  Acid 

Not  limited  „ 

DL-Lactic  Acid 

0-1001 

DL-Malic  Acid 

0-100J 

Monocalcium  Phosphates 

Not  limited^ 

Bases 

Carbonate,  Ammonium  ) 

Carbonate,  Calcium  ) 

Carbonate,  Magnesium  ) 

Not  limited^ 

Carbonate,  Potassium  ) 

Carbonate,  Sodium  ) 

Carbonate,  Ammonium  Hydrogen  ) 

£ 

Carbonate,  Potassium  Hydrogen  ) 

Not  limited 

Carbonate,  Sodium  Hydrogen  ) 

Hydroxide,  Ammonium  ) 

Hydroxide,  Calcium  ) 

Hydroxide,  Magnesium  ) 

Not  limited 

Hydroxide,  Potassium  ) 

Hydroxide,  Sodium  ) 

Oxide,  Calcium  ) 

Not  1: 

mited'’ 

Oxide,  Magnesium  ) 

_ 

The  first  part  of  the  over-ail  acceptable  daily  intake  zone 
is  termed  unconditional  and  this  represents  levels  which  can  be  safely 
used  without  further  expert  supervision  and  advice.  The  second  part 
is  termed  conditional  and  represents  levels  of  use  that  can  be  safely 
employed  but  at  which  it  is  thought  desirable  that  some  degree  of 
expert  supervision  and  advice  should  be  readily  available. 

Refers  to  content  of  D(-)-lactic  acid. 

J  Refers  to  content  of  D(-)-malic  acid. 

^  Subject  to  limits  of  phosphorus  load  given  in  the  Seventh  Report 
(Wld  Hlth  Ora,  techn.  Rep.  Sen..  1964,  281.  31). 

''  Provided  that  use  is  in  accordance  with  good  manufacturing 
prac  Lice. 
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ACCEPTABLE  DAILY  INTAKES  FOR  MAN  OF  SOME 
OTHER  FOOD  ADDITIVES 


Compounds  considered 

Over-all  daily  intake  zone"*- 
(mg/kg  body-weight) 

Unconditional 

Conditional 

D-Mannitol 

Sorbitol 

Polyvinylpyrrolidone 

0-50 

Not  1 

50-150 

imited 

0-1 

,,  +  T|]e  flrst  Part  of  the  over-all  accentable  dailv  intake  zone 

irels  “hich ~  *5™, 

is  termed  conditional  S  reo«-""  “vefs  Tr  ' ,v  ?“  —"d  I** 

employed  but  at  uhich  it  is  thought  de«ir-ble  th'T  ^ "  I""  be  safel3r 
expert  supervision  and  advice  »f 
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Chemical  name 

Empirical  formula 
S  true  torsi  1 or  mu la 


Molecular  weigh  * 

Definition 

Description 

Use 


Chemical  name 

Empirical  formula 

Structural  formula 


BENZOIC  ACID 

Benzoic  acid;  benzenecarboxylic  acid;  phenyl- 
carboxylic  acid 

G7H6°2 


COOH 


122.12 

Benzoic  acid  contains  not  leas  than  99.5  per  cent, 
of  C7H602. 

Benzoic  acid  is  a  white  crystalline  solid.  It  may 
have  not  more  than  a  faint  characteristic  odour. 

As  an  antimicrobial  agent. 

Biological  Data 
(See  Sodium  Benzoate) 


POTASSIUM  BENZOATE 

Potassium  benzoate;  potassium  salt  of  benzene- 
carbcxylic  acid:  potassium  salt  of  phenyl- 
carboxylic  acid 

C_H  0_K  .  3H,,0 
7  5  2  2 


•3H2G 


COOK 


-  15  - 


Molecular  weight 

Definition 

Description 

Use 


214.27 

Potassium  benzoate  contains  not  less  than  -19.0  per 
cent.  C?H502K  after  drying  at  105° 

White  crystalline  powder. 

As  an  antimicrobial  agent. 

Biolorical  Data 
(See  Sodium  Benzoate) 


SODIUM  BENZOATE 

Chemical  name  Sodium  benzoate;  sodium  salt  of  benzene  carboxy¬ 

lic  acid;  sodium  salt  of  phenylcarboxylic  acid 

Empirical  formula  C^H^02Na 


Structural  formula 


Molecular  weight 


COONa 


144.11 


Definition 


Descrioti on 


Use 


Sodium  benzoate,  after  drying  for  4  hours  at  105°, 

contains  not  less  than  99  r>er  cent,  of  C„H,0„Na. 

7  o  2 

sodium  benzoate  is  a  white,  almost  odourless, 
crystalline  scilid. 

As  an  antimicrobial  agent. 


Moiogicai  Mala 

7h«  biological  data  on  benzoic  acid  and  sodium  benzoate  as  given  in 
tbe  Sixth  Report  of  the  Joint  FAO/UHO  Expert  Committee  on  Food  Additives 
(fJtVJl'.O,  1162)  are  relevant  for  the  evaluation  of  potassium  benzoate. 

otncc  the  publication  of  that  report,  the  following  relevant,  additional 
information  has  become  available. 
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Short-term  studies 

Rat.  Groups  of  3  male  and  3  female  rats  were  fed  0,  2  and  5  per  cent, 
sodium  benzoate  in  the  diet  for  28  days.  All  animals  on  the  5  per  cent, 
level  died  during  the  first  2  weeks  showing  hyper-excitability,  urinary  incon¬ 
tinence  and  convulsion.  Male  rats  at  the  2  per  cent,  level  showed  significant 

decrease  in  body-weight.  The  food  intake  of  male  and  female  animals  was 

decreased  at  the  2  per  cent,  level  compared  with  controls  (Fanelli  &  Halliday, 
1963). 

Evaluation 

There  is  no  reason  to  believe  that  potassium  benzoate  differs  toxicolo- 
gically  from  benzoic  acid  and  sodium  benzoate  when  these  are  used  as  food 
additives.  The  estimated  acceptable  daily  intakes  of  benzoic  acid  and  its 
sodium  salt  for  man  given  in  the  Sixth  Report  are  therefore  considered  applicable 
to  the  potassium  salt. 

Estimate  of  acceptable  daily  intakes  for  mar. 

mg/kg  body  weight'*' 

Unconditional  acceptance  0-5 

Conditional  acceptance  5-10 

REFERENCES 

Fanelli,  G.  M.  &  Halliday,  S.  L.  (1963)  Arch,  int..  Pharmacodvn. .  ILL.  120 

FA0/WH0  (1962)  FAQ  Nutrition  Meetings  Report  Series.  No.  Wld  III th  Grp. 

techn.  Rep.  Ser. ,  228 


1  As  sum  of  benzoic  acid  and  potassium  and  sodium  benzoate  (calculated 
as  benzoic  acid). 
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BUTYL  p-HYDROXYBENZOATE 
Svnonvm  Butylparaben 

Chemical  name'  n-butyl-p-hydroxybenzoate ;  butyl  ester  of  p-hydroxy 

benzoic  acid 

Empirical  formula  C11H14°3 


Structural  formula 


OH 


Molecular  weight 

Definition 


Description 


Use 


194.23 

Butyl  p-hydroxybenzoate.  contains  not  less  than 
99.0  per  cent. 

Butyl  p-hydroxybenzoate  occurs  as  colourless  micro- 
crystals  or  as  a  white  crystalline  powder  and  may 
have  a  slight  odour. 

As  an  antimicrobial  agent. 


Biological  Data 

Biochemical  aspects 

Dogs  given  1000  mg/kg  body-weight  of  the  butyl  ester  excreted  only  48.2  per 
cent,  of  the  dose  in  the  urine  within  48  hours.  Metabolic  pathways  other  than 
hydrolysis  and  subsequent  conjugation  may  account  for  the  poor  recovery  of 
butyl  ester  metabolites  in  balance  experiments  (Jones  et  al.,  1956).  Dogs 
fed  1000  mg/kg  body-weight  of  butyl  ester  or  given  50  mg/kg  body-weight  i.v. 
excreted  40-48  per  cent,  of  the  ester  in  the  urine  as  metabolites  and  0.5  per 
cent,  as  unchanged  ester  (Sokol,  1952). 
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Acute  toxic  it,  v 


Animal 

Route 

LD^q,  mg/kg  body-weight 

References 

Mouse 

oral  (free  acid) 

5  000 

Sokol,  1952 

oral  (Na  salt) 

950 

Matthews  et  al., 
1956 

i.p.  (free  acid) 

230  apnr. 

Sokol,  1952 

i.p.  (Na  salt) 

230  i  24 

Matthews  et  al., 
1956 

3hort-term  studies 

Rat.  Groups  of  12  male  and  12  female  weanling  rats  were  fed  dietary 
levels  of  0,  2  and  8  per  cent,  of  butyl  ester  for  12  weeks.  At  the  8  per 
cent,  level,  no  males  survived  the  experimental  period,  the  mortality  rate 
in  the  females  was  higher  than  that  of  the  controls,  and  the  rate  of  weight 
gain  was  markedly  affected;  the  animals  at  this  level  also  showed  depression 
and  decreased  motor  activity.  However,  autopsies  with  histological  examina¬ 
tion  of  animals  dying  during  the  test  showed  only  pneumonia  and  pulmonary 
consolidation,  without  difference  between  treated  and  control  animals. 

Food  consumption  was  unaffected  in  all  groups  and  necropsy  of  all  survivors 
showed  no  difference  other  than  the  body-weight  depression  at  8  per  cent. 
(Matthews  et  al.,  1956). 

Long-term  studies 

None  available. 

Comment  on  experimental  studies  reported 

No  adequate  studies  on  this  substance  are  available.  A  toxicological 
evaluation  is  impossible. 


REFERENCES 

Jones,  P.  S.,  Thigpen,  D. ,  Morrison,  J.  L.  ft  Richardson,  A.  P.  (1956) 

J,  Amer.  pharm.  Ass.,  sci.  Ed..  45 .  270 

Matthews,  C.,  Davidson,  J. ,  Bauer,  £. ,  Morrison,  J.  L.  ft  Richardson,  A.  P. 
(1956)  J.  Amer.  pharm.  Ass.,  sci.  Ed..  45.  260 


Sokol,  K.  (1952)  Drug  Stand. .  20,  89 
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ETHYL  p-HYDROXYBENZOATE 


Svnonvms 
Chemical  name 


Ethyl  p-oxybenzoate;  Ethylparaben 

Ethyl  p-hydroxybenzoate 5  ethyl  ester  of  p-hydroxy- 
benzoic  acid 


Empirical  formula  ^9^10^3 


-structural  formula 


Molecular  weight. 

Definition 


Description 


Use 


166.18 

Ethyl  p-hydroxybenzoate,  after  drying  for  2  hours  at  80°, 
contains  not  less  than  99  per  cent,  of  CgH^O^. 

Ethyl  p-hydroxybenzoate  is  a  white,  almost  odourless, 
crystalline  solid. 

As  an  antimicrobial  agent. 


Biological  Data 

This  additive  was  evaluated  by  the  Joint  FAO/Wh'Q  Exnert  Committee  on 
Food  Additives  in  its  Sixth  Report  (FAO/WKO,  1962).  Since  its  publication 
some  new  experimental  work  has  beer,  carried  out  on  these  compounds.  This 

and  other  work  not  included  in  the  Sixth  Report  is  presented  and  discussed 
ir.  this  monograph. 

Biochemical  aspects 

The  metabolism  of  the  ethyl  ester  is  similar  to  that  of  the  methyl 
ester.  Does  giver.  1000  mg/kg  body-weight  orally  or  50  mg/kg  i.v.  excreted 

"  I-6"''  ^  “ri“-  V9ry  l0“  Just  detectable,  were 

tW0  ai  Ur  0ral  ^ministration  or  at  5  and  15  minutes  after  v 

injection  (Sokol,  1952). 

bo j  .  ■''”“tStUdleS  0,1  slx  s,,bJ"ts  iuuulved  administration  of  10  or  20  „r/ky 
ood>-weight  of  ester  orallv.  After  An  iir 

hut  not  the  ester,  was  dat'ectable 

wns  l"c'  M-eAl  (Heim,  1*60-1). 


rhe  maximum  serum  level  attained 
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Acute  toxicity 


Animal 

Route 

LD50 

(rag/kg  body-weight) 

References 

Mouse 

oral 

8  000 

Sokol,  1952 

Guinea-pig 

oral 

2  000-2  400 

Heyden,  1939 

Rabbit 

oral 

5  000 

Gabalitschka  & 

Neufeld-Crzelli tzer,  1954 

Dog 

oral 

5  000 

Sabalitschka  & 

Neufeld-Crzellitzer,  1954 

Short-term  studies 

Rabbit.  Suspensions  of  0.5  and  7.5  per  cent,  ethyl  p-hydroxybenzoat6 
had  the  same  local  anaesthetic  effect  on  the  cornea  as  0.12  and  0.27  per 
cent,  solutions  of  cocaine  hydrochloride.  Therefore,  the  local  anaesthetic 
activity  of  the  ester  is  3-4  times  less  than  that  of  cocaine  and  twice  that 
of  procaine  (Truhaut,  1962).  Using  the  same  method  of  Regnier  Sc  Quevauviller 
(1939),  Adler-Hradecky  Sr.  Kelentey  (i960)  found  no  local  anaesthetic  effect 
on  the  cornea  by  0.25-0.30  per  cent,  solutions  of  methyl,  ethyl,  propyl  or 
butyl  p-hydroxybenz oates. 

Long-term  studies 

Rat.  Forty  rats  were  fed  15  mg/kg  body-weight,  20  animals  150  mg/kg 
body-weight  and  20  animals  1500  mg/kg  body-weight  of  a  mixture  of  40  per 
cent,  ethyl  ester  and  60  per  cent,  propyl  ester  as  the  sodium  salts  for  18 
months  in  the  diet.  The  rate  of  weight  gain  showed  some  growth  stimulation 
at  the  15  and  150  mg/kg  body-weight  levels.  The  group  on  1500  mg/kg  body- 
weight  showed  initial  retardation  followed  later  by  normal  growth.  Mortality 
rate  and  pathological  examination  of  the  major  organs  in  all  treated  groups 
showed  no  significant  difference  from  the  control  group  (Heyden,  1940;  Heyden, 
1942). 

A  group  of  65  rats  (35  males  and  30  females)  was  fed  a  diet  containing  2 
per  cent,  of  the  ethyl  ester  for  the  life  span,  with  50  animals  as  the  control 
group.  All  animals  were  autopsied  on  death.  No  adverse  effects  could  be 
detected  on  weight  gain,  except  a  small  retardation  during  the  first  month,  and 
the  mortality  rate,  haematology,  tumour  incidence  and  histopathology  of  major 
organs  did  not  differ  from  the  controls  (Truhaut,  1962). 


-  21  - 


A  group  of  39  rats  (19  males  and  20  females)  was  injected  weekly  with  1  ml 
of  an  aqueous  solution  of  10  per  cent,  sodium  ethyl  p-hydroxybenzoate  for  their 
life  span.  The  27  controls  (16  males  and  11  females)  were  injectea  with  1  ml 
of  a  3  per  cent,  sodium  chloride  solution.  Because  of  irritation  by  the  high 
pH  of  the  ester  solution,  the  frequency  of  injection  had  to  be  reduced  to  1  in 
2  weeks  from  the  4th  to  he  10th  month  and  later  to  1  injection  a  month  up  to 
the  end  of  the  experiment.  No  effect  on  mortality  and  tumour  incidence  could 

be  detected  (Truhaut,  1962). 

Comments 

- — — — 

The  long-term  studies  in  rats  are  adequate  for  assessment,  taking  into 
consideration  the  data  on  methyl  and  propyl  p-hydroxybenzoates.  However, 
further  biochemical  studies  in  man  and  animals  are  desirable  and  further 
studies  on  the  local  anaesthetic  action  should  also  be  undertaken. 

Evaluation 

(See  propyl  p-hydroxybenzoate) 
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METHYL  p-HYDRUXYBENZOATE 


Eynonvns  Methyl  p-oxy benzoate;  Methylparaben 

Chemical  name  Methyl  p-hydroxybenzoate;  methyl  ester  of  n-hydro- 

benzoic  acid 


Empirical  formula 

Structural  formula 


C8H8°3 


COO-CH. 


OH 


Molecular  weight 

Definition 


Description 


Use 


152.15 

Methyl  p-hydroxybenzoate,  after  drying  for  2  hours  at 
80°,  contains  not  less  than  99  per  cent,  of  CgHgO^. 

Methyl  p-hydroxybenzoate  is  a  white,  almost  odourless, 
crystalline  solid. 

As  an  antimicrobial  agent. 


Biological  Data 

This  additive  was  evaluated  by  the  Joint  FAO/WHO  Expert  Committee 
on  Food  Additives  in  their  Sixth  Report  (FAO/WHO,  1962).  Since  its  pub¬ 
lication  some  new  experimental  work  has  been  carried  out  on  these  compounds. 
This  and  other  work  not  included  in  the  Sixth  Report  is  presented  and 
discussed  in  this  monograph. 

Biochemical  aspects 

The  alkyl  esters  of  p-hydroxyoenzoic  acid  are  well  absorbed  after  oral 
administration  to  dogs.  In  dogs  the  diglucuronide  of  p-hydroxybenzoic  acid 
has  been  show  to  be  the  main  metabolite  excreted  in  the  urine.  Man  excreted 
free  p-hydroxyhenzoie  acid  and  p-hydroxyhippuric  acid  in  approximately  equal 
proportions  (siuiek,  1932).  The  urine  of  rats  receiving  p-hydroxybenzoic  acid 
or  its  methyl,  ethyl  or  propyl  esters  contained  the  following  metabolites: 
p-hydroxybenzoic  acid  40  per  cent.,  p-hydroxyhippuric  acid  23.^  per  cent., 
ether  sulfate  5  per  cent.,  ester  glucuronides  23  per  cent,  ether  glucuronides 
1.2  per  cent,  and  5  per  of  an  unidentified  substance  (Derache  &  Gourdor.,  1963). 
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Dogs  given  50  mg/kg  body-weight  intravenously  or  orally,  excreted 
85-89  per  cent,  in  the  urine  within  43  hours.  After  intravenous  injectxon 
significant  levels  were  found  in  the  plasma  only  immediately  afterwards.  ^en 
dogs  were  infused  at  the  rate  of  2  mg/kg/minute  until  a  total  of  100  mg/kg 
body-weight  was  given,  the  levels  in  most  organs  were  below  the  plasma  level. 
Appreciable  amounts  were  only  present  in  liver  and  kidneys. 

was  noted  in  a  dog  given  1  mg/kg  body-weight  of  the  methyl  ester  orally  every 
day  for  a  period  of  one  year.  This  dog  excreted  96  per  cent,  of  the  daily 
dose  within  24  hours  in  the  urine  (Sokol,  1952). 


Special  studies 

The  blocking  effect  of  a  0.1  per  cent,  solution  of  the  methyl  ester  on 
nervous  conduction  when  applied  directly  to  the  spinal  roots  or  to  the  cervical 
vagus  and  sympathetics  was  found  to  be  similar  to  that  of  a  0.05  per  cent, 
solution  of  procaine  (Nathan  8t  Smears,  1961).  The  local  anaesthetic  effect  of 
the  esters  rose  with  increasing  number  of  C-atoms  and  the  toxicity  decreased 
(Adler-Hradecky  &  Kelentey,  I960). 

Acute  toxicity 


Animal 

Route 

LD50 

(mg/kg  body-weight) 

References 

Mouse 

oral 

3  000 

Sokol,  1952 

Guinea-pig 

oral 

3  000-3  600 

Heyden,  1939 

Rabbit 

oral 

6  000 

Sabalitschka  &  Neufeld- 
Crzellitzer,  1954 

Dog 

oral 

6  000 

Sabalitschka  &  Neufeld- 
Crzellitzer,  1954 

Short-term  studies 


Hat.  Groups  of  10  animals  on  a  vitamin  A  deficient  diet  given  7.5- 
75  mg/kg  oody-weight  of  mixed  methyl  and  propyl  ester  for  30  days  showed 
no  additional  pathological  changes  (Cremer,  1935). 

Man.  Two  grams  of  the  ester  taken  daily  for  1  month  produced  no  ill 
effects  (Sabalitschka  &  Dietrich,  1924). 

Long-term  studies 


Eat.  Whan  the  methyl  and  prenyl  eaters  were  fed  to  rats  over  an 
18-month  period  at  ,  level  of  1,0  mp/kg  oody-weiEht,  no  ill  effects  were 

TZZ A  JT  “  *"*  eVideMe  °f  rr°“th  •«-*>•««•  red  at 

logical  changes  ^  "°  ^ 
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Comments 

The  long-term  studies  in  rats  are  adequate  for  an  assessment  when  taken 
in  conjunction  with  the  evidence  from  the  feeding  experiment  lasting  for  a 
year  with  dogs.  However,  further  biochemical  studies  in  man  and  animals  are 
desirable  and  further  studies  on  local  anaesthetic  activity  should  also  be 
undertaken. 

Evaluation 

(See  propyl  p-hydroxybenzoate) 

REFERENCES 

Adler-Hradecky,  C.  &  Kelentey,  B.  (i960)  Arch,  int.  Pharmacodyn. .  128.  135 
Cpemer,  H.  (1935)  Z.  Lebensmitt.  Untersuch..  70.  136 

Derache,  R.  &  Gourdon,  J.  (1963)  Food  Cosmet.  Toxicol..  1,  189 

FA0/WH0  (1962)  FAQ  Nutrition  Meetings  Report  Series.  No.  JJ1;  Wld  Hlth  Org. 
techn.  Rep.  Ser. ,  228 

Heyden,  -.  (1939)  Unpublished  report  submitted  by  Applied  Research  Incorporated 
Nathan,  P.  W.  &  Sears,  T.  A.  (1961)  Nature  (Lond.)«  192.  668 
Quick,  A.  J.  (1932)  J.  blol.  Chem..  22,  403 

Sabalitschka,  T.  &  Dietrich,  K.  R.  (1924)  Pharmaz.  Monatshefte.  235 
Sabalitschka,  T.  &  Neufeld-Crzellitzer ,  R.  (1954)  Arzneimitt.-Forsch.  575 
Sokol,  H.  (1952)  Drug  Stand..  20,  89 


-  25  - 


PROPYL  p-HYDROXYBENZOATE 


Svnonvms  Propylparaben 

Chemical  name  Propyl  p-hydroxy benzoate ;  n-propyl  ester  of 

p-hydroxybenzoic  acid 

Empirical  formula  ^10^12^3 


Structural  formula 


Molecular  weight 

Definition 

Description 

Use 


OH 

180.21 

Propyl  p-hydroxybenzoate,  after,  drying  for  2  hours  at 
80°,  contains  not  less  than  99  per  cent,  of 

Propyl  p-hydroxybenzoate  is  a  white,  almost  odourless, 
crystalline  solid. 

As  an  antimicrobial  agent. 


Biological  Data 

This  additive  was  evaluated  by  the  Joint  FA0/WH0  Expert  Committee  on 
Food  Additives  in  its  Sixth  Report  (FA0/WH0,  1962).  Since  its  publication 
some  new  experimental  work  has  been  carried  out  on  these  compounds.  This 

and  other  work  not  included  in  the  Sixth  Report  is  presented  and  discussed 
in  this  monograph. 

Biochemical  aspects 

Dogs  fed  1000  mg/kg  body-weight  excreted  58  per  cent,  in  the  urine  and 
dogs  given  50  mg/kg  body-weight  i.v.  excreted  94  per  cent.  The  ester  was 

detectable  in  the  plasma  only  soon  after  administration  (Sokol,  1952:  Jones 
et  al.,  1956). 

TVo  grams  propyl  ester  was  given  daily  to  human  volunteers  for  50  days 

:2rr#lyt  T"  C0Ul<i  *  d'te'ted  ^  the  *  Neufeld- 

Crzellitzer,  1954). 

At  high  doses,  propyl  p-hydroxybenzoate  was  found  to  be  a  useful 
anaesthetic  for  frogs  and  tadpoles  (Kopsch,  1949). 
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Acute  toxicity 


Animal 

Route 

LD50 

References 

(mg/kg  body-weight) 

Mouse 

oral 

8  000 

Sokol,  1952 

Mouse 

i.p. 

400 

Sokol,  1952 

(free  ester) 

Short-term  studies 

Rat.  Feeding  experiments  with  a  mixture  of  40  per  cent,  ethyl  ester 
and  60  per  cent,  propyl  ester  were  reported  under  ethyl  p-hydroxybenzoate 
(Heyden,  1939;  Heyden,  1940).  Rats  were  fed  on  a  vitamin  A  deficient  diet 
with  a  mixture  of  propyl  ester  and  methyl  ester  added  at  various  concentrations 
No  additional  pathological  effects  were  noted  (Cremer,  1935). 

Guinea-pig.  Mixed  propyl  and  methyl  esters  were  fed  to  animals  on 
scorbutic  diets.  No  additional  pathological  effects  were  noted  (Cremer,  1935) 
For  details  see  the  methyl  ester. 

Dog.  Dogs  were  fed  0.7  g/kg  body-weight  for  90  days  without  ill  effects 
or  macroscopic  changes  (Ghirardi,  1940). 

Rabbit.  0.25-0.30  per  cent,  solutions  had  no  local  anaesthetic  effect 
on  the  cornea  (A&Ler-Hradecky  &  Kelentey,  I960). 

Man.  The  propyl  ester  has  been  used  therapeutically  at  doses  of 
800  mg/kg  body-weight  over  3  days  for  the  treatment  of  moniliasis  (Rossier 
*c  Wegmann,  1953). 

Long-term  studies 

Rat.  Experiments  were  conducted  with  a  mixture  consisting  of  40  per 
cent,  ethyl  ester  and  60  per  cent,  propyl  ester.  For  details  and  results 
see  ethyl  n-hydroxybenzoate.  It  was  concluded  that  the  mixture,  when  fed 
at  a  level  of  1500  mg/kg  body-weight,  did  not  produce  any  pathological  changes, 
with  the  exception  of  a  significant  decrease  in  growth  rate  from  the  4th  to  the 
8th  month.  No  influence  in  weight  gain  was  seen  at  the  150  mg/kg  body-weight 
level  (Heyden,  1942). 

Comments 

The  long-term  studies  in  rats  are  adequate  for  an  assessment.  However, 
further  biochemical  studies  in  man  and  animals  are  desirable  and  further 
studies  on  local  anaesthetic  activity  should  also  be  undertaken. 
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Evaluation 

Applicable  to  the  methyl,  ethyl  and  propyl  esters. 

Level  causing  no  toxicological  effect 

Rat.  20  000  ppm  in  the  diet,  equivalent  to  1000  mg/kg  body-weight/day 

Estimate  of  acceptable  daily  intakes  for  man 

mg/kg  body-weight1 

Unconditional  acceptance  0-2 

Conditional  acceptance  2-7 
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BUTYLATED  HYDROXY TOLU EKE 


Synonyms  BHT 

Chemical  name  2,6-ditertiarybutyl-p-cresol ;  4-methyl-2,6- 

ditertiarybutylphenol 

Empirical  formula  CL  H  0 


Structural  formula 


220.36 

Butylated  hydroxytoluene  contains  not  less  than  99  per 
cent,  of  C^H^O. 

Butylated  hydroxytoluene  is  a  white,  crystalline  or 
flaked  solid,  having  a  characteristic  faint  aromatic  odour. 

As  an  antioxidant. 


Molecular  weight 

Dgfinl  tion 

Description 

Use 


Biological  Data 

The  document  entitled  "Specifications  for  Identity  and  Purity  and 
Toxicological  Evaluation  of  some  Antimicrobials  and  Antioxidants"  (FA0/WH0, 

1965)  contains  a  monograph  on  BHT  summarising  the  data  available  at  the  end 
of  1964.  Since  then  a  substantial  amount  of  new  information  has  become  available 
for  condideration.  This  and  other  data  are  summarized  in  the  present  mono¬ 
graph. 

Biochemical  aspects 

Excretion  and  tissue  distribution 

The  metabolism  of  butylated  hydroxytoluene  (BHT)  administed  to  rabbits 
orally  in  single  doses  of  500  mg/kg  body- weight  was  studied.  The  metabolites 
2,6-di-tertbutyl-4-hydroxyTnethylphcnol  (BHT-alc) ,  3, 5-di-tert-butyl -4-hydroxy- 

benzoic  acid  (BHT-acid)  and  4,4'-ethylene-bis-(2,6-di-tert-butylphenol)  were 
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identified.  The  urinary  metabolites  of  BHT  comprised  37.5  per  cent,  as 
glue oronides,  16.7  per  cent,  as  ethereal  sulfates  and  6.3  per  cent,  as  free 
phenols;  unchanged  BHT  was  present  only  in  the  faeces  (Akagi  &  Aoki,  1962a); 
y-di-tert-butyl-4-hydroxybenzaldehyde  (BHT-ald)  was  also  isolated  from  rabbit 
urine  (Aoki,  1962).  The  main  metabolic  pathway  was  confirmed  by  administering 
BHT-alc  to  rabbits  and  isolating  BHT-ald,  BHT-acid,  the  ethylene-bis  derative 
and  unchanged  BHT-alc  in  the  urine  (Akagi  &  Aoki,  1962b). 

The  fate  in  the  body  of  UC-labelled  BHT  has  been  elucidated.  The 

relatively  slow  excretion  of  BHT  is  probably  attributable  to  enterohepatic 
circulation  rather  than  to  tissue  retention.  Rats  were  given  single  oral 
doses  (1-100  mg/rat)  of  BHT-UC  and  approximately  80-90  per  cent,  of  the  dose 
was  recovered  in  4  days  in  the  urine  and  faeces.  Of  the  total  radioactivity, 

40  per  cent,  appeared  in  the  urine  of  females  and  25  per  cent,  in  males. 

After  4  days  approximately  3.8  per  cent,  of  the  dose  was  retained  mainly  in  the 

alimentary  tract.  A  substantial  portion  of  the  radioactivity  was  found  in  the 
bile  collected  from  two  rats  (1  male,  1  female)  over  a  period  of  40  hours 
(Daniel  &  Gage,  1965). 

Groups  of  two  rats  (1  male,  1  female)  were  given  1-5  oral  doses  of 
44  mg/kg  body-weight  BHT  on  alternate  days  and  each  group  killed  24  hours 
after  the  final  dose.  The  range  of  the  total  dose  accounted  for  was 

92-103.5  per  cent,  in  males  and  92.6-98.6  per  cent,  in  females.  There  was  an 

indication  of  sex  difference  in  the  route  of  excretion,  females  excreting 
19-43  per  cent,  of  the  radioactivity  in  urine  and  males  only  3-15  per  cent. 
Eight  days  after  administration  of  5  doses  92  per  cent,  of  the  radioactivity 
had  been  excreted  by  males  and  97  per  cent,  by  females.  Subcutaneous 
administration  of  graded  doses  of  BHT  to  female  rats  revealed  substantial 
faecal  excretion  but  the  rate  of  excretion  decreased  with  increasing  dose. 

There  was  no  evidence  of  accumulation  of  BHT-UC  in  the  body  under  the  con¬ 
ditions  of  repeated  oral  dosage  (Tye  et  al.,  1965). 

The  BHT  content  of  fat  and  liver  of  rats  given  diets  containing  0.5  and 
1.0  per  cent.  BHT  for  periods  up  to  35  and  50  days  respectively:  with  0.5  per 
cent.  BHT  in  the  diet,  a  level  of  approximately  30  ppm  in  the  fat  was  reached 

in  males  and  45  ppm  in  females,  with  approximately  1-3  ppm  in  the  liver,  while 

with  1.0  per  cent.  BHT  the  level  in  the  fat  was  50  ppm  in  males  and  30  ppm  in 

females.  On  cessation  of  treatment,  the  level  of  BHT  in  fat  fell  with  a  half- 

life  of  7-10  days  (Daniel  &  Gage,  1965).  The  level  of  BHT  in  the  fat  reached 
a  plateau  at  approximately  100  ppm  after  3-4  days  when  daily  doses  of  500  mg/ 
kg  body-weight  were  given  by  intubation;  200  mg/kg  body-weight/day  for  1  week 
produced  a  level  of  about  50  ppm  (Gilbert  4  Golberg,  1%5). 
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When  feed  containing  500  ppm  BHT  was  given  to  laying  hens,  20  ppm 
was  found  in  the  fat  fraction  of  eggs;  100  ppm  in  the  feed  resulted  in  res¬ 
idues  of  less  than  5  ppm.  In  the  broiler  chicken,  over  a  period  of  21  weeks, 
the  residues  in  body  fat  were  55  ppm  on  the  500  ppm  diet  and  less  than  5  ppm 
on  the  100  ppm  diet  (Van  Stratum  &  Vos,  1965). 

One-day-old  chicks  were  given  ^C-BHT  at  a  level  of  200  ppm  in  the  feed 
for  10  weeks.  At  broiler  age,  edible  portions  had  residues  amounting  to  1-3  ppm 
of  BHT  and  metabolites.  Similar  diets  given  to  laying  hens  produce'd  residues 
in  eggs  of  2  ppm  after  7  days,  the  level  thereafter  remaining  constant 
(Frawley  et  al.,  1965a). 

Stimulation  of  liver  microsomal  processing  enzymes 

Rats  given  BHT  by  daily  intubation  showed  increased  activity  of  some 
liver  microsomal  enzymes.  Stimulation  of  enzyme  activity  correlated  with  an 
increase  in  relative  liver  weight,  the  threshold  dose  for  these  changes  in 
enzyme  activity  in  female  rats  being  below  25-75  mg  BHT/kg  body-weight/day. 

The  storage  of  BHT  in  fat  appeared  to  be  influenced  by  the  activity  of  the 
processing  enzymes.  In  rats  given  500  mg/kg  body-weight  daily  the  level  of 
BHT  in  fat  attained  values  of  230  ppm  in  females  and  162  ppm  in  males  by  the  second 
day,  by  which  time  the  relative  liver  weight  and  processing  enzyme  activities  had 
become  elevated.  Thereafter,  liver  weight  and  enzyme  activities  continued  to 
rise  but  the  BHT  content  of  fat  fell  to  a  plateau  of  about  100  ppm  in  both  sexes 
(Gilbert  &  Golberg,  1965). 

In  further  work  with  rats  it  was  found  that  increased  output  of  urinary 
ascorbic  acid  paralleled  liver  enlargement  induced  by  BHA  or  BHT  in  onset, 
degree  and  duration,  being  rapid  but  transient  with  BHA  and  slower  in  onset 
but  more  prolonged  with  BHT  (Gaunt  et  al.,  1965a).  The  parallelism  between 
stimulation  of  processing  enzyme  activity,  increase  in  urinary  ascorbic  acid 
output,  and  increase  in  relative  liver  weight  brought  about  by  BHT  was  unaffected 
by  14  days  of  dietary  restriction,  and  al]  these  changes  except  liver  weight 
were  reversible  during  14  days'  recovery  on  normal  diet  (Gaunt  et  al.,  1965b). 

Special  studies 

Diets  containing  0.1  or  0.5  per  cent.  BHT  together  with  two  dietary  levels 
of  lard  (10  and  20  per  cent.)  were  given  to  mice.  The  0.5  per  cent,  level  of 
BHT  produced  slight  but  significant  reduction  in  mean  pup  weight  and  total 
litter  weight  at  12  days  of  age.  The  0.1  per  cent,  level  of  BHT  had  no  such 
effect.  Out  of  7754  mice  born,  none  showed  anophthalmia,  although  12  out  of 
the  144  mothers  were  selected  from  an  established  anophthalmic  strain 
(Johnson,  1965). 
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In  a  study  on  the  embryo  toxicity  of  BHT  three  dosing  schedules  were 
employed:  single  doses  (1000  mg/kg  body-weight)  on  a  specific  day  of  gestation, 

reneated  daily  doses  (750  mg/kg  body-weight)  from  the  time  of  mating  throug  ou 
pregnancy  and  daily  doses  (250-500  mg/kg  body-weight  for  mice  and  500  and  700  mg/ 
kg  body-weight  for  rats)  during  a  7-10  week  period  before  mating,  continuing 
through  mating  and  gestation  up  to  the  time  the  animals  were  killed.  No 
significant  embryotoxic  effects  were  observed  on  examination  of  the  skeletal 
and  soft  tissues  of  the  fully  developed  foetuses  as  well  as  by  other  criteria. 
Reproduction  and  post-natal  development  were  also  unaffected  (Clegg,  1165). 


Acute  toxicity 


Animal 

Route 

LD50 

Reference 

(mg/kg  body-weight) 

Rat 

oral 

2  450 

Karplyuk,  I960 

Mouse 

oral 

2  000 

Karplyuk,  I960 

Short-term  studies 

Rat.  BHT  (2000  ppm)  incorporated  in  a  diet  containing  19.9  per  cent, 
casein  was  administered  to  a  group  of  8  young  rats  for  8  weeks;  a  further 
group  of  8  rats  served  as  controls.  The  experiment  was  repeated  with  16.6  per 
cent,  casein  in  the  diet  of  further  groups  for  4  weeks  and  again  with  9.6  per 
cent,  casein  (and  no  added  choline)  for  7  weeks.  In  all  3  instances  BHT 
caused  stimulation  of  growth  and  improved  protein  efficiency.  The  N  content 
of  the  liver  was,  however,  greatly  reduced  in  BHT-treated  animals,  except 
when  the  level  of  BHT  was  reduced  to  200  ppm.  Recovery  of  hepatic  protein 
after  fasting  (details  not  given)  was  also  impared  in  rats  on  2000  nnm  BHT. 
Liver  lipid  content  was  increased  with  2000  ppm  but  not  with  200  ppm  BHT. 

A  dietary  level  of  2000  ppm  BHT  also  increased  the  adrenal  weight  and  ascorbic 
acid  content,  although  if  recalculated  on  the  basis  of  weight  of  gland,  there 
was  no  significant  difference.  The  increase  in  adrenal  ascorbic  acid  is 

interpreted  as  indicating  a  stress  imposed  on  the  organism  by  BHT  (Sporn  A 
Schobesch,  1361). 


Groups  of  43  weanling  rats  (24  of  each  sex)  were  given  diets  contair.inr 
KM)  pom  BHT  for  periods  of  up  to  16  weeks.  A  group  of  43  rats  served  as 
controls.  Measurement,  of  growth  rate,  food  consumption,  weight  and  micro- 
patholoricax  examination  of  organs  at  autopsv  revealed  no  difference  fro-, 

-owevei»  increase  in  relative  liver  weight  and  in  the  weight 
O,  the  adrenals  was  produced  without  histopathologicai  evidence  of  damage  ' 
oiochemical  measurements  and  histoehemical  assessments  of  li-er  glucose  ' 
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-phosphatase  and  glucose  6-phosphate  dehydrogenase  activities  revealed  no 
difference  from  the  control  group  (Gaunt  et  al.,  1965a). 

Multigeneration  study 

Weanling  rats  (16  of  each  sex)  were  fed  a  diet  containing  20  per  cent, 
lard  and  0,  300,  1000  or  3000  ppm  BHT  and  mated  at  100  days  of  age  (79  days 
on  test) .  Ten  days  after  weaning  of  the  first  litter  the  animals  were  again 

mated  to  produce  a  second  litter.  The  offspring  (16  females  and  8  males) 
were  mated  at  100  days  of  age.  Numerous  function  and  clinical  tests  including 
serum  cholesterols  and  lipids  were  performed  on  the  parents  and  the  first 
filial  generation  up  to  28  weeks  and  gross  and  microscopical  examination  at 
42  weeks.  At  the  3000  ppm  dietary  level  a  10-20  per  cent,  reduction  in 
growth  rate  of  parents  and  offspring  was  observed.  A  20  per  cent,  elevation 
of  serum  cholesterol  levels  was  observed  after  28  weeks,  but  no  cholesterol 
elevation  after  10  weeks.  A  10-20  per  cent,  increase  in  relative  liver  weight 
was  also  observed  upon  killing  after  42  weeks  on  diet.  All  other  observations 
at  3000  ppm  and  all  observations  at  1000  ppm  and  300  ppm  were  comparable  with 
control.  All  criteria  of  reproduction  were  normal.  No  teratogenic  effects 
were  detected  (Frawley  et  al.,  1965b).  Similar  results  to  those  obtained 
with  the  parental  and  first  filial  generations  were  also  obtained  with  the 
second  filial  generation.  Examination  of  two  litters  obtained  from  the  latter 
at  100  days  of  age  revealed  no  effects  except  a  reduction  of  mean  body-weight 
at  the  3000  ppm  level.  The  offspring  were  examined  fors  litter  size,  mean 
body-weight,  occurrence  of  still-birth,  survival  rate  and  gross  and  microscopic 
pathology  (Frawley,  1967). 

Comments 

After  single  and  repeated  oral  doses  BHT  is  eliminated  almost  completely 
in  four  days  in  the  urine  and  faeces.  The  relatively  slower  rate  of  excretion 
than  that  shown  by  BHA  could  be  due  to  enterohepatic  circulation.  Results  of 
the  analysis  of  tissues  of  rats  suggest  that  unchanged  BHT  does  not  tend  to 
accumulate  in  the  body. 

The  browning,  thinning  and  loss  of  hair  reported  in  one  strain  of  rat  has 
not  been  reoroduced  in  other  strains.  Reproduction  studies  carried  out  on  several 
strains  of  rats  and  mice  fail  to  reveal  anophthalmia  in  the  offspring  reported 
earlier  in  a  different  strain  of  rats. 

Diet  containing  20  per  cent,  lard  and  1000  ppm  BHT  has  no  effect  on  serum 
cholesterol  and  lipid  levels,  relative  liver  and  other  organ  weights,  liver 
lipids  and  growth  rate. 

Metabolic  studies  in  man  are  desirable. 


-  33  - 


Evaluation 

I^vel  causing  no  toxicological  effect 

Hat.  1000  ppm  in  the  diet,  equivalent  to  50  mg/kg  body-weight/ day. 
Estimate  of  acceptable  daily  intake  for  man 

mr/kg  body-weight^- 

Unconditional  acceptance  0-0.5 

Conditional  acceptance  0.5-2 
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Chemi-,,il  name 
nmnirical  formula 

■Structural  formula 

Molecular  weight 

Definition 

Description 

caution 

Use 

Biolorlcal  Data 

Biochemical  a  spec t  - 

Diethyl  pyrocarbonate  is  rapidly  hydrolyzed  with  the  formation  of  carbon 
dioxide  and  ethanol.  At  pH  3  and  22-25°C,  99  per  cent,  is  hydrolyzed  in  4 
hours.  A  rise  in  pH  somewhat  increases  the  rate  of  hydrolysis.  Diethyl 
pyrocarbonate  reacts  to  a  slight  extent  by  carbethoxylation  with  the  con- 
ctituents  of  beverages.  Investigations  using  labelled  diethyl  pyrocarbonate 
revealed  that  it  reacts  principally  with  amino  acids,  polyphenols,  hydroxy 
acids,  ascorbic  acid  and  ethanol.  The  predominant  reaction,  however,  remains 
'he  normal  hydrolysis  into  CO,  and  ethanol.  The  reaction  nroducts  formed  with 
individual  ingredients  of  the  beverages  are  present  only  in  very  small  amounts, 
of  the  order  of  a  few  ppm,  and  frequently  at  a  level  of  less  than  1  ppm. 
Measurements  using  ^C-label  led  diethyl  pyrocarbonate  showed  the  following 
residual  radioactivity  caused  by  the  carbethoxylation  of  constituents  of  the 
beverages,  when  100  mg  diethyl  oyrocarborate  was  added  to  one  litre  of  beverage: 
in  apnle  juice,  2  ppm:  in  red  grape  juice,  4  ppm:  in  lemon  juice,  6  ppm:  in 
orange  juice,  14  ppm:  and  in  orange  drink,  2  ppm  (Bayer,  1965). 

With  the  exceotior.  of  carbethoxylated  ascorbic  acid  all  the  carbethoxylatec 
derivatives  of  the  beverage  components  examined  are  hydrolyzed  by  er.zynes  of  thi 
intestine,  pancreas  and  liver  to  carbon  dioxide  and  the  basic  substances.  The 
followin'-  substances  were  investigated  in  'his  respect:  tricarbethoxy gallic 


DIETHYL  PYR0JAK30NATE 


Diethyl  pyrocarbonate,  diethyl  dicarbonate 
C6H10°5 


CgH.OC-O-COCgH 

162.14 

Diethyl  pyrocarbonate  contains  not  less  than  99  per  cent. 
C6H10°5* 

Diethyl  pyrocarbonate  is  a  colourless  liquid  with  a 
slightly  fruity  ester-like  odour. 

Avoid  inhalation  of  vapours  and  exposure  to  eyes,  skin 
and  mucous  membranes. 

As  a  preservative  in  certain  beverages,  particularly 
effective  against  yeasts. 
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acid,  dicarbethoxy  chlorogenic  acid,  mono-  and  di-carbethoxycatechin, 
carbethoxylactic  acid,  N-carbethoxy  glycine,  N-carbethoxy-L-proline,  N- 
carbethoxy-L-valine,  N-carbethoxy-L-glutamic  acid,  a-N-carbethoxy-L-lysine, 
e -carbethoxy-L-lysine ,  N-carbethoxy- threonine,  N-carbethoxy  methionine, 
N-S-di-carbethoxycysteine  and  diethyl  carbonate  (Lang  et  al.,  1966). 
fore,  it  seems  unlikely  that  the  carbethoxy  derivatives  are  absorbed  from  the 
gut  as  such  or  are  accumulated  in  the  body.  Mono-  and  di-carbethoxy  ascorbic 
acid  are  not  enzymatically  hydrolyzed,  but  spontaneous  decomposition  occurs 
with  a  half-life  of  5-10  days,  to  carbon  dioxide,  ascorbic  acid,  dehydroascorbic 
acid,  diketogulonic  acid  and  furfural  (Layer,  1965).  In  the  reaction  oroducts 
resulting  from  treatment  with  diethyl  pyrocarbonate,  analytical  studies  did 
not  reveal  the  oresence  of  ethyl  urethane  (Bayer,  1965,  Lang  et  al.,  1966). 

Using  "^C-labelled  carbethoxyascorbic  acid,  balance  studies  showed  that 
within  24  hours  18-22  per  cent,  of  the  orally  given  activity  was  eliminated 
in  the  faeces,  11-22  per  cent,  in  the  urine  and  50-67  per  cent,  as  CO^  in  the 
breath;  0.4-1  per  cent,  was  found  in  the  content  of  the  intestine  and  1.27- 
1.35  per  cent,  in  the  organs  and  carcass  of  the  rats  (Lang  et  al.,  1966). 

The  sane  results  were  also  obtained  in  the  laboratories  of  the  Farbenfabriken 
Bayer  (Bayer,  1965).  The  intravenous  administration  into  rats  of  10  mg/kg 
body-weight  of  the  ascorbic  acid  derivative  showed  a  different  pattern  of 
elimination  as  compared  to  oral  administration.  About  60  per  cent,  of  the 
activity  was  eliminated  in  the  urine,  1  per  cent,  in  the  faeces  and  the 
remainder  as  C02  in  the  breath  with  the  exception  of  a  small  amount  (1-3  per 
cent.)  not  eliminated  within  48  hours.  Less  than  1  per  cent,  was  eliminated 
in  the  oile.  The  loss  of  ascorbic  acid  in  diethyl  pyrocarbonate  treated 
beverages  is  far  less  than  that  found  on  pasteurization  (Bayer,  1965). 

Acute  toxicitv 


Animal 

Route 

1jD50 

(mg/kg  body-weight) 

References 

Rat 

oral  (oily  solution) 

1  200 

Hecht,  1961 

oral  (aqueous  emulsion) 

1  390-1  570 

Bornmann  Ar  Loeser, 
1961 

i.p.  (oily  solution) 

100  aonrox. 

Hecht,  1361 
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Toxicity  on  inhalation  was  tested  on  rabbits,  guinea-pigs,  rats  and 
mice.  One  hour  exposure  at  a  concentration  of  10  ppm  was  lethal.  Chronic 
respiratory  symptoms  were  produced  after  1  hour  inhalation  of  1  ppm  (Hecht, 

1961).  Prolonged  contact  with  the  skin  causes  erythema  which  may  lead  to 
vesicle  formation  after  contact  for  1  hour  or  more.  The  substance  is  also 
irritant  to  the  eyes  and  mucous  membranes  (Hecht,  1961). 

After  a  short  time  no  unchanged  pyrocarbonate  is  present  in  beverages 
treated  with  diethyl  pyrocarbonate  becaxise  of  its  rapid  hydrolysis  to  carbon 
dioxide  and  ethanol.  However,  very  small  amounts  react  with  the  components 
of  the  beverages  yielding  carbethoxylated  derivatives.  The  LDC0  of  representa¬ 
tive  carbethoxylated  compounds  was,  therefore,  estimated.  The  values  ranged  from 
1000  to  300  mg/kg  body-weight  on  oral  administration  and  from  250  to  1000  mg/ 
kg  body-weight  on  intraperitoneal  administration  (Bayer,  1965). 

Short-term  studies  ,  j 

Rat.  Twenty  young  male  rats  were  given  0.25  ml/kg  body-weight  of  diethyl 
pyrocarbonate  in  the  form  of  an  oily  10  per  cent,  solution  13  times  within  4 
months.  Twenty  controls  were  treated  in  the  same  way  with  peanut  oil  without 
diethyl  pyrocarbonate.  No  signs  of  poisoning  were  noticed.  However,  the 
test  groups  showed  a  decreased  food  intake  and  weight  gain.  During  the 
experiment  6  animals  of  the  test  group  and  1  of  the  control  group  died.  Two 
test  animals  were  killed,  after  having  been  treated  10  times,  for  histological 
examination,  which  did  not  show  any  abnormalities  (Hecht,  1961). 

In  another  experiment  two  groups  of  15  male  rats  each  were  fed  the  same 
diet.  Both  groups  received  grape  juice  instead  of  drinking  water.  In  the 
test  group  0.5  per  cent,  diethyl  pyrocarbonate  was  added  to  the  juice  every  day 
for  59  days.  The  animals  were  observed  for  24  more  days.  No  signs  of  poisoning 
were  observed  (Hecht,  1961). 

Pour  groups  of  25  male  and  25  female  rats  each  received  grape  juice  instead 
of  drinking  water  for  28  days.  One  group  received  grape  juice  mixed  with 
0.5  per  cent,  diethyl  pyrocarbonate,  the  mixture  being  permitted  to  stand  2  days 
before  use  so  that  the  pyrocarbonate  was  completely  hydrolyzed.  Another  group 
was  given  a  freshly  prepared  mixture  of  grape  juice  with  0.5  per  cent,  diethyl 
pyrocarbonate.  Two  groups  served  as  controls.  Tn  the  test  groups  there  wa~ 
some  delay  in  weight  gain.  It  seems  likely  that  this  was  due  to  a  diminished 
food  intake.  Food  intake  was  not  measured  in  this  experiment.  Oxyren  con¬ 
sumption  and  the  respiratory  quotient  showed  no  differences  between  the  groups. 

The  same  experiment  was  repeated  with  the  same  number  of  animals  for  8  w^eks. 

At  the  start  the  males  had  an  average  weight  of  165  g,  the  females  140  g.  In 
this  experiment  no  influence  of  the  diethyl  pyrocarbonate-treat-ed  grape  juice 
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was  sees  on  weight  gain,  reproduction,  blood  picture,  histopathology  of  the 
organs  and  weight  of  pituitary  gland,  thyroid,  adrenals  and  ovaries  (Bornniann 

&  Loeser,  1961). 

Fifteen  young  male  rats  were  fed  for  4  weeks  a  diet  consisting  of  7  parts 
of  wheat  flour  and  3  parts  of  whole  milk  powder  stirred  into  a  paste  with  a  little 
water,  mixed  with  2  per  cent,  of  diethyl  pyrocarbonate  and  then  dried  for  a  few 
hours  at  90°C.  The  controls  were  fed  the  same  untreated  diet.  With  the 
exception  of  a  relayed  weight  gain  no  toxic  signs  were  observed  (Hecht,  1961). 

Four  groups  „f  12  young  male  rats  each  were  fed  0,  100  ,  200  and  50C  mg/kg 
body-weight  of  the  reaction  product  of  ascorbic  acid  and  diethyl  pyrocarbonate 

for  4  weeks.  All  rats  tolerated  the  treatment  without  noticeable  adverse 

* 

effects  on  weight  gain,  blood  picture,  organ  weight,  gross  and  microsconic 
appearance  of  tne  organs,  and  urine  composition  (Bayer,  1965). 

Comments 

In  the  case  of  diethyl  pyrocarbonate  the  problem  is  to  measure  the 
toxicity  of  the  reaction  products  of  diethyl  pyrocarbonate  with  food  components. 
However,  long-term  feeding  experiments  with  these  reaction  products  are  imprac¬ 
tical  as  they  occur  in  the  foodstuffs  in  very  minute  quantities.  Large 
quantities  of  fruit  juice  or  wine  treated  with  diethyl  pyrocarbonate,  when 
given  to  animals  over  long  periods,  may  cause  injuries  which  are  unrelated  to 
the  substance  under  test.  Therefore,  evaluation  is  based  on  biochemical  rather 
than  long-term  toxicity  studies,  as  recommended  in  such  cases  by  the  Joint  FA0/ 
WHO  Expert  Committee  on  Food  Additives  (FA0/W1I0,  1958).  Because  of  ready 
hydrolysis  to  carbon  dioxide  and  the  respective  basic  foodstuff  components, 
it  seems  unlikely  that  the  reaction  products  of  diethyl  pyrocarbonate  are 
absorbed  as  such  from  the  gastrointestinal  tract  and  it  seems  even  less  likely 
that  they  accumulate  in  the  body. 

JIo  toxicological  problems  are  raised  by  diethyl  pyrocarbonate  treatment 
of  fruit  juices,  wine  and  other  beverages  containing  no  significant  amounts  of 
amino  acids  and  proteins. 

Lvalua lion 

It  is  not  possible  to  give  an  evaluation  by  the  usual  method.  The 

biochemical  experiments  and  the  short-term  studies  with  representative  reaction 

products  permit  an  estimate  of  an  acceptable  level  of  beverage  treatment  for 
the  use  specified. 
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Estimate  of  acceptable  leve2  of  treatment 

Beverages:  0-300  ppm 

The  limitations  of  use  are  as  follows: 

Beverages  with  pH  greater  than  4.5  and  with  significant  content  of  amino 
acids  and  proteins,  e.g.  milk  and  milk  products,  should  not  be  treated  with 
diethyl  pyrocarbonate. 

A  minimum  interval  of  16  hours  should  be  provided  between  the  treatment 
of  the  beverages  and  their  consumption. 

Where  a  new  application  is  under  consideration,  safety  evaluation  will 
be  necessary  because  the  existing  studies  are  applicable  only  to  the  uses 
already  investigated. 
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CALCIUM  DI50D1UM  ETHYLENEDIAMINETETRAACETAT2 


Synonyms 
Chemical  nanes 

Empirical  formula 


Molecular  weight 

Definition 


Description 


Use 


Calcium  Disodium  EDTA;  Calcium  Disodium  Edetate 

Calcium  disodium  ethylenediamine tetraacetate; 
Calcium  disodium  (ethylenedinitrilo) tetraacetate 


C10H12CaN2Na2°8'2H20 


Structural  formula  — 


NaCOCCH, 


CH2C00Na 


V2 

COO' 


CH„ 


'00C 


2H20 


410.31 

Calcium  disodium  ethylenediamine tetraacetate,  on  the 
anhydrous  basis,  contains  not  less  than  97  per  cen . .  and 
not  more  than  the  equivalent  of  102  per  cent.  C10H12CaK2Na2°8- 

Calcium  disodium  ethylenediaminetetraacetate  occurs  as 
white,  odourless  crystalline  granules  or  as  a  white  to 
nearly  white  powder,  slightly  hygroscopic  with  a  faint 
saline  taste. 

As  a  sequestrant. 


Biolopical  Data 

Biochemical  aspects  of  ethylenediaminetetraacctic  acid  (EDTA)  and  its  salts 

C-labelled  CaNa2^DTA,  when  fed  to  rats  in  doses  of  50  mg/kg  body-weight, 
was  absorbed  only  to  an  extent  of  2-4  per  cent.;  80-90  per  cent,  of  the  dose 
appeared  in  the  faeces  within  24  hours,  and  absorption  was  still  apparent  at 
45  hours.  At  the  low  pH  of  the  stomach  the  calcium  chelate  is  dissociated  with 
subsequent,  precipitation  of  the  free  acid,  and  this  is  only  slowly  redissolved 
in  the  intestines  (Foreman  et,  al . ,  1953). 

experiments  in  man  also  revealed  poor  absorption;  only  2.5  per  cent,  of  a 
3  g  dose  given  was  excreted  in  the  urine  (Srbova  *  Teisinger,  1957).  These 
authors  aiso  confirmed  the  dissociation  of  the  calcium  chelate  in  the  stomach 
Jhe„  200  „r  Cai-VDTA  was  introduced  into  the  duodenuo  of  rate  the  authors  found 
an  absorption  rate  of  6.d-2b  n.r  cent.  A  dose  of  1.5  „c  of  ^O-iabeUed 
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CaNa^EDTA  given  in  a  gelatine  capsule  to  normal  healthy  men  was  absorbed  to  an 
extent  of  5  per  cent.  (Foreman  &  Trujillo,  1954). 

In  feeding  experiments,  in  rats  receiving  disodium  EDTA  at  dietary  levels 
of  0.5,  1.0  and  5.0  per  cent.,  the  faeces  contained  99.4,  98.2  and  97.5  per 
cent,  of  the  excreted  material  (Yang,  1964;  Fellers  et  al.,  1956). 

Similar  experiments  conducted  also  in  rats  gave  essentially  the  same 
results.  Thirty- two  hours  after  a  single  dose  of  95  mg  disodium  EDTA/rat, 

93  per  cent,  was  recovered  from  the  colon.  After  doses  of  47.5,  95.0  and 
142.5  mg  disodium  EDTA  the  amount  of  EDTA  recovered  in  the  urine  was  directly 
proportional  to  the  dose  given,  suggesting  that  EDTA  was  absorbed  from  the 
gastrointestinal  tract  by  passive  diffusion.  The  motility  of  the  intestine 
was  not  affected  by  the  compound  (Chan,  1964). 

After  parenteral  administration  to  rats,  95-98  per  cent,  of  injected 
-labelled  Cali^EDTA  appeared  in  the  urine  within  6  hours.  All  the  material 
passed  through  the  body  unchanged.  Peak  plasma  levels  were  found  approximately 
50  minutes  after  administration.  Les3  than  0.1  per  cent,  of  the  material  was 

14 

oxidized  to  CO^,  and  no  organs  concentrated  the  substance.  After  i.v. 
injection,  CaNa2EDTA  passed  rapidly  out  of  the  vascular  system  to  mix  with 
approximately  90  per  cent,  of  the  body  water,  but  did  not  pass  into  the  red 
blood  cells  and  was  cleared  through  the  kidney  by  tubular  excretion  as  well  as 
by  glomerular  filtration  (Foreman  et  al.,  1953).  The  same  was  also  found  in 
man  using  ^C-labelled  Cal^EDTA.  Three  thousand  milligrams  were  given  i.v. 
to  2  subjects  and  were  almost  entirely  excreted  within  12-16  hours  (Srbova  & 
Teisinger,  1957). 

The  maximum  radioactivity  in  the  urine  after  application  of  ^C-labelled 
CaNa^EDTA  to  the  skin  was  only  10  ppm  (Foreman  &  Trujillo,  1954). 

In  biological  systems,  Ca  ion  will  usually  be  most  accessible  to  EDTA. 

In  general,  zinc  seems  to  be  next  most  accessible.  About  80  per  cent,  of 
the  zinc  of  liver  is  freely  available  to  EDTA.  The  over-all  availaoility 
of  the  other  physiologically  important  metals  is  probably  in  the  order: 
Cu>Fe>Mn>Co  (Chenoweth,  1961).  EDTA  removes  about  1.4  per  cent,  of  the 
total  iron  from  ferritin  at  pH  7.4  to  form  an  Iron  chelate  (Westerfield,  1961). 
Transfer  of  Fe  from  Fe-transferrin  to  EDTA  in  vitro  occurs  at  a  rate  of  less 
than  1  per  cent,  in  24  hours.  In  vivo  studies  in  rabbits  demonstrated  trans¬ 

fer  of  iron  only  from  FeEDTA  to  transferrin  and  not  the  reverse.  It  appeared 
that  tissue  iron  became  available  to  chelating  agents  including  EDTA  only  when 
an  excess  of  iron  was  present  (Cleton  et  al.,  1963).  Equal  distribution  be¬ 
tween  a  mixture  of  EDTA  and  siderophilin  was  obtained  only  at  EDTA  : 
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siderophilin  ratios  of  20-25  :  1  (**in,  1961).  Human  iron  def ^ 
was  successfully  treated  with  FeEDTA  although  84  per  cent,  of  label  - 

was  excreted  in  the  faeces  and  none  appeared  in  the  urine.  ned  ce  s,  owev  , 
contained  labelled  Fe  and  reticulocytosis  occurred.  Since  FeEDTA  administered 
i.v.  was  almost  quantitatively  excreted  in  the  urine,  it  was  concluded  that 
FeEDTA  was  degraded  prior  to  absorption,  when  given  orally  (Lapinleimu  4 
Wegelius,  1959).  Rabbits  absorbed  about  10  per  cent,  of  oral  FeEDTA,  and 
the  rest  was  excreted  in  the  faeces,  while  anaemic  rats  absorbed  50  per  cent, 
of  6  mg/kg  body-weight  oral  FeEDTA  but  only  25  per  cent.  FeS04  (Rubin  * 
Princiotto,  I960).  Addition  of  1  per  cent.  Na2EDTA  to  a  diet  containing 
more  than  optimal  amounts  of  iron  and  calcium  lowered  the  absorption  and 
storage  of  iron  in  rats  and  increased  the  amount  present  in  plasma  and  urine. 

The  metabolism  of  calcium,  however,  was  apparently  unaffected  (Larsen  et  al., 
I960).  A  diet  containing  0.15  mg  of  iron,  4.26  of  calcium  and  1  mg  of  EDTA 
per  rat  (equivalent  to  100  ppm  in  the  diet)  for  83  days  had  no  influence  on 
calcium  and  iron  metabolism,  e.g.  the  iron  content  of  liver  and  plasma 
(Hawkins  et  al.,  1962). 


CaNa2EDTA  increased  the  excretion  of  zinc  (Perry  &  Perry,  1959),  and  was 
active  in  increasing  the  availability  of  zinc  in  soybean-containing  diets  to 
poults  (Kratzer  et  al.,  1959).  CaNa2EDTA  enhanced  the  excretion  of  Co,  Hg, 
Mn,  Ni,  Pb,  T1  and  W  (Foreman,  1961).  The  treatment  of  heavy  metal  poisoning 
with  CaEDTA  has  become  so  well  established  that  its  use  for  more  commonly  seen 
metal  poisonings,  e.g.  lead,  is  no  longer  reported  in  the  literature  (Foreman, 
1961).  EDTA  could  not  prevent  the  accumulation  of  ^Sr,  "'‘^Ru,  ^"Ba  and 
^  Ra  in  the  skeleton.  ^Y,  ^^Pu  and  responded  fairly  well  to  EDTA, 

the  excretion  being  accelerated  (Catsch,  1961). 


EDTA  had  a  lowering  effect  on  serum  cholesterol  level  when  given  orally 
or  intravenously.  It  may  have  acted  by  decreasing  the  capacity  of  serum 
to  transport  cholesterol  (Gould,  1961).  Disodium  EDTA  had  a  pyridoxin-like 
effect  on  the  tryptophan  metabolism  of  patients  with  porphyria  or  scleroderma, 
due  to  a  partial  correction  of  imbalance  of  polyvalent  cations  (Lelievre  &  3atz, 
1961). 


xn  vitro,  0.0033  M  EDTA  inhibited  the  respiration  of  liver  homogenates 
and  of  isolated  mitochondria  of  liver  and  kidney  (Lelievre  Batz,  1961). 
The  acetylation  of  sulfanilamide  by  a  liver  extract  was  also  inhibited 
(Lelievre,  I960).  EDTA  stimulated  glucuronide  synthesis  in  rat  liver, 
kidney  and  intestines  but  inhibited  the  process  in  guinea-pig  liver  (Pogell 
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&  Leloir,  1361;  M^ttinen  &  I.eskinen,  1962).  Of  the  heavy  metal-containing 
enzymes,  EDTA  at  a  concentration  of  about  10  '  M  Inhibited  aldehyde  oxidase 
and  homoger.tlsinicase.  Succinic  dehydrogenase,  xanthine  oxidase,  NADK- 
cytochrome  reductase  and  ceruloplasmin  (oxidation  of  p-pnenylenediamine) 
were  not  inhibited  (Westerfield,  1961).  Disodium  EDTA  was  found  to  be  a 
strong  inhibitor  for  {/-aminolevulinic  acid  dehydrogenase,  5*5  x  10  M  causing 
50  per  cent,  inhibition  (Gibson  et  al.,  1955).  The  i.p.  injection  of  4.2 
mmol/kg  body-weight  (equivalent  to  1722  mg/kg  body-weight)  CaNa^EDTA  caused 
in  rats  an  inhibition  of  the  alkaline  phosphatase  of  liver,  prostate  and 
serum  up  to  4  days  depending  on  the  dose  administered;  zinc  restored  the 
activity  (h'igrovid,  1964). 

Ir.  vitro.  EDTA  inhibited  blood  coagulation  by  chelating  Ca^f.  The 
complete  coagulation  inhibition  of  human  blood  required  0.65-1.0  mg/ml. 

The  i.v.  injection  of  79-200  mg  EDTA/rabbit  had  no  effect  on  blood  coagulation 
(Dyckerhoff  et  al.,  1942). 

I.v.  injections  of  NaJSDTA  and  CaNa^EDTA  had  some  pharmacological  effect 
on  the  blood  pressure  of  cats;  0-20  mg/kg  body-weight  CaNa.^EDTA  (as  Ca) 
produce  a  slight  rise;  20-50  mg/kg,  a  biphasic  response;  and  50  mg/kg,  a 
clear  depression  (Marquardt  &  Schumacher,  1957). 

One  per  cent.  Na,,EDTA  enhances  the  absorption  of  "^C-labelled  acidic, 
neutral  and  basic  compounds  (mannitol,  inulin,  became thcnium,  sulfanilic  acid 
and  EDTA  itself)  from  isolated  segments  of  rat  intestine,  probably  due  to  an 
increased  permeability  of  the  intestinal  wall  (Schanker  t  Johnson,  1961). 

Acute  toxicity 


Animal 

Route 

LD50 

mg/kg  body-weight 

References 

hat 

oral 

10  000  t  740 

Oser  et  al.,  1963 

Rabbit 

oral 

7  000  approx. 

Oser  et  al.,  1963 

i.p. 

500  approx. 

3auer  et  al.,  1952 

Dog 

oral 

12  000  approx. 

Oser  et  al.,  1964 

The  oral  ED,^  in  rats  is  not  affected  by  the  presence  of  food  in  the 
stomach  or  by  pre-existing  deficiency  ir.  Ga,  i’c,  Gu  or  Hn  (Cser  et  al. , 
1963). 

Oral  doses  of  over  ?c.r  mg/animal  cause  diarrhoea  ir:  rats  (Foreman  ei 
al.,  1953). 
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There  ere  ™„y  reports  In  the  literature  on  kidney  datafe  by  parenteral 
over-dosage  of  CaSDTA.  A  revise  was  given  by  Lachnit  (196a  •  -esjons 

simulating  "versene  nephrosis"  in  man  have  also  been  produced  in  rats 

.  ,  r  ,nn  t;nn  ma  i  n  for  21  days  caused  severe  hydropic 

Di sodium  EDTA  in  doses  of  400-500  mg  i.p.  * 

degeneration  of  the  proximal  convoluted  tubules  of  the  kidneys.  Caha^DTA 
produced  only  minimal  focal  hydropic  changes  in  53  per  cent,  of  animals,, 
disappearing  almost  2  weeks  after  stopping  the  injections  (heuber  &  Schmiel  er, 

1962). 


.'ihort-term  studies 

Rat.  Groups  of  5  male  rats  received  250  or  500  mg/kg  body-weight 
CaNa2EDTA  i.p.  daily  for  3-21  days  and  some  were  observed  for  an  additional 
2  weeks.  Weight  gain  was  satisfactory  and  histology  of  lung,  thymus,  kid¬ 
ney,  liver,  spleen,  adrenal,  small  gut  and  heart  was  normal  except  for  mild 
to  moderate  renal  hydropic  change  with  focal  subcapsular  swelling  and  pro¬ 
liferation  in  glomerular  loops  at  the  500  mg  level.  There  was  very  slight 
involvement  with  complete  recovery  at  the  250  mg  level.  Lesions  were  not 
more  severe  with  simultaneous  cortisone  administration  (Reuber  &  Schmieller, 
1962). 

Groups  of  3  male  and  3  female  rats  were  fed  for  4  months  on  a  low 
mineral  diet  containing  one-half  the  usual  portion  of  salt  mixture  (i.e. 

1.25  per  cent,  instead  of  2.50  per  cent.)  with  the  addition  of  0  per  cent, 
and  1.5  per  cent.  CaNa2EDTA.  The  test  group  showed  a  reduced  weight  gain, 
but  there  was  no  distinct  difference  in  general  condition  of  the  animals 
(Yang,  1964). 


In  another  experiment  3  groups  of  8-13  male  and  female  rats  were  fed 
a  low-mineral  diet  containing  0  per  cent.,  0.5  per  cent,  and  1  per  cent,  of 
CaNa2EDTA  for  205  days.  No  significant  differences  from  the  controls  were 
shown  regarding  weight  gain,  mortality,  gross  pathology  of  the  organs  and 
histopathclogy  of  liver,  kidney  and  spleen  except  a  very  slight  dilatation 
of  hepatic  sinusoids.  Blood  coagulation  time,  total  bone  ash  and  blood 
calcium  level  were  unaffected.  No  significant  erosion  of  molars  was  noted. 
Basal  metabolism  was  in  the  normal  range  (Ghan,  1964). 


Log.  f*our  groups  of  1  male  and  3  female  mongrels  were,  fed  diets 

containing  0,  50,  100  and  250  mg/kg  body-weight  CaNa-jEDTA  daily  for  12 

months.  All  appeared  in  good  health,  without  significant  change  in  blood 

cells,  haemoglobin  and  urine  (pH,  albumin,  sugar,  sediment).  Blood  sugar 

non-nrotein  nitrogen  and  prothrombin  time  remained  normal.  Radiographs  of 

ribs  and  o'1  ■  ong  bones  showed  no  adverse  changes  at  the  2S0  me  level  All 

dogs  survived  for  1  year.  Gross  and  ni-rosooni-  f'ndWc 

x  ,1Js>'  opi^  ixndings  were  normal 

(Gser  et  al. ,  1963) . 


-  44  - 


Long-tern  studio 

Rat.  Four  groups  of  25  male  and  25  female  rats  were  fed  diets  containing 
0,  50,  125  and  250  mg/kg  body-weight  CaNa^EDTA  for  2  years.  Feeding  was  carried 
on  through  4  successive  generations.  Rats  were  mated  after  12  weeks’  feeding  and 
allowed  to  lactate  for  3  weeks  with  1  week's  rest  before  producing  a  second 
litter.  Ten  male  and  10  female  rats  of  each  group  (F^  generation)  and  similar 

F^  and  F^  generation  groups  were  allowed  to  produce  2  litters.  Of  the  second 
litters  of  the  F^,  F£  and  F^  generations  only  the  control  and  the  250  mg/kg 
body-weight  groups  were  kept  until  the  end  of  2  years'  study  on  the  Fq  gene¬ 
ration.  This  scheme  permitted  terminal  observation  to  be  made  on  rats  receiving 
test  diets  for  0,  0.5,  1,  1.5  or  2  years  in  the  F^,  F^,  F^  and  Fq  generations, 
respectively.  No  significant  abnormalities  in  appearance  and  behaviour  were 
noted  during  the  12  weeks  of  the  post  weaning  period  in  all  generations.  The 
feeding  experiment  showed  no  statistically  significant  differences  in  weight 
gain,  food  efficiency,  haemopoiesis,  blood  sugar,  non-protein  nitrogen,  serum 
calcium,  urine,  organ  weights  and  histopathology  of  liver,  kidney,  spleen, 
heart,  adrenals,  thyroid  and  gonads.  Fertility,  lactation  and  weaning  were 
not  adversely  affected  for  each  mating.  Mortality  and  tumour  incidence  were 
unrelated  to  dosage  level.  The  prothrombin  time  was  normal.  There  was  no 
evidence  of  any  chelate  effect  on  calcification  of  bone  and  teeth.  Liver  xan¬ 
thine  oxidase  and  blood  carbonic  anhydrase  activities  were  unchanged  (Oser  et 
al.,  1963). 

Comments 

CaNa2EDTA  is  very  poorly  absorbed  from  the  gut.  The  compound  is  meta- 
bolically  inert  and  no  cumulation  in  the  body  has  been  found.  A  vast 
clinical  experience  in  its  use  in  the  treatment  of  metal  poisoning  has 
demonstrated  its  safety  in  man.  Long-term  feeding  studies  in  rats  and  the 
one-year  study  in  dogs  gave  no  evidence  of  interference  with  mineral  metabolism 
in  either  species.  Adverse  effects  on  mineral  metabolism  and  nephrotoxicity 
were  only  seen  after  parenteral  administration  of  high  doses. 


Evaluation 


Level  causing  no  toxicological  effect 

Rat.  50  000  ppm  in  the  diet,  equivalent  to  250  mg/kg  body-weight/day. 
Estimate  of  acceptable  daily  intakes  for  man 


Unconditional  acceptance 
Conditional  acceptance 


0-1.25 

1.25-2.5 


1 


As  calcium  disodium  salt 
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DI3GDIUM  STHYL2NEDIAMINETETRAA JaTATE 


Synonyms 

Chemical  names 


Disodium  EDTA;  Disodium  Edetate 

Disodium  dihydrogen  ethylenediaminetetraacetate 
Di  sodium  dihydrogen  (ethylenedinitrilo) tetraacetate 


Empirical  fornula 

Structural  formula 


C10H14N2Na2°9*2H2° 


NaOGCCH, 


CH^OONa 


/ 

CH„ 

I 


'CH2CHr 


V 


CH, 


CCOH 


2K20 


Molecular  weight 

Definition 

Description 

Use 

Biochemical  aspects 


COOH 
372.24 

Disodium  ethylenediaminetetraacetate  contains  not  less 
than  -0.0  per  cent,  of  C^H^^N2Na20g.2Hp0. 

Disodium  ethylenediaminetetraacetate  occurs  as  white, 
odourless  crystalline  granules  or  as  a  white  to  nearly 
white  powder. 

As  a  sequestrant. 

„  -  ■*  c 

Biological  Data 


See  calcium  disodium  ethylenediaminetetraacetate. 


Special  studies 

Di  sodium  EDTA  injected  at  levels  of  1.4,  1.7  and  0.35  mp/epg  gave 
40,  50  and  85  per  cent,  hatch,  respectively.  At  the  highest  level,  some 
embryos  which  failed  to  hatch  showed  anomalies  (McLaughlin  &  Scot  '.,  1964). 

Acute  toxicity 


Ar.imal 

Route 

LD50 

(mg/kg  body- weight) 

Ref  erence- 

hat 

oral 

2  000—2  2C( 

Yang,  1964 

Rabbi  t. 

oral 

i.v. 

2  300 

471 

ohibata,  ’  )56 
Shibaf?,  1156 

Dose  lepei. ling  on  the  rate  of  infusion. 
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Short-term  studies 

Rat.  Rats  were  fed  for  44-52  weeks  on  a  diet  containing  0.5  per  cent, 
disodium  EDTA  without  any  deleterious  effect  on  weight  gain,  appetite,  activity 
and  appearance  (Krum,  1948).  In  another  experiment  3  groups  of  10-13  males 
and  females  were  fed  a  low-mineral  diet  (0.54  per  cent.  Ca  and  0.013  per  cent. 

Fe)  with  the  addition  of  0,  0.5  and  1  per  cent,  disodium  EDTA  for  20“)  days. 

At  the  1  per  cent,  level  some  abnormal  symptoms  were  observed:  growth  re¬ 
tardation  of  the  males,  lowered  erythrocyte  and  leucocyte  counts,  a  prolonged 
blood  coagulation  time,  slightly  but  significantly  raised  blood  calcium  level, 
a  significantly  lower  ash  content  of  the  bone,  considerable  erosion  of  the 
molars  and  diarrhoea.  Gross  and  histological  examination  of  the  major  organs 
revealed  nothing  abnormal.  Rats  fed  for  220  days  on  an  adequate  mineral  diet 
containing  1  per  cent,  disodium  EDTA  showed  no  evidence  of  dental  erosion 
(Chan,  1964). 

Groups  of  6  rats  were  maintained  for  12  weeks  on  diets  containing  0.5, 

1  and  5  per  cent,  disodium  EDTA.  No  deaths  occurred  and  there  were  no  toxic 
symptoms  except  diarrhoea  and  lowered  food  consumption  at  the  5  per  cent.  level. 
Mating  in  each  group  was  carried  out  when  the  animals  were  100  days  old.  Mating 
was  repeated  10  days  after  weaning  the  first  litters.  Parent  generation  rats 

of  0,  0.5  and  1  per  cent,  levels  gave  birth  to  normal  first  and  second  litters. 
The  animals  given  5  per  cent,  failed  to  produce  litters  (Yang,  1964).  To 
elucidate  possible  teratogenic  effects,  daily  doses  of  20-40  mg/rat  EDTA  were 
injected  intramuscularly  into  pregnant  rats  at  days  6-9,  10-15  and  16  to  the 
end  of  pregnancy.  A  dose  of  40  mg  was  lethal  within  4  days  but  20  mg  was 
well  tolerated,  allowing  normal  foetal  development;  40  m?  injected  during 
days  6-8  or  10-15  produced  some  dead  or  malformed  foetuses,  especially  poly- 
dactyly,  double  tail,  generalized  oedema  or  circumscribed  head  oedema 
(Tuchmanri-Duplessis  &  Mercier-Parot,  19^6). 

Groups  of  5  male  rats  were  given  250,  400  or  500  mg/kg  body-weight 
disodium  EDTA  i.p.  daily  for  3-31  days;  some  groups  were  observed  for  r:  ‘ her 

2  weeks.  At  the  500  mg  level  all  rats  became  lethargic  ar.d  died  within  9  days, 

the  kidneys  being  pale  and  swollen,  with  moderate  dilatation  of  bowel  and  sub- 
seroral  haemorrhages.  Histologies  examination  >f  a  number  of  or  :*•»«••  r  showed 
lesions  only  in  the  kidreyr.  Animals  at  the  400  mg  level  dieo  wiT.in  14  days, 
kidney  and  bowel  symptoms  neing  ciriler  to  the  500  mg  .»vel.  One  rn*  a*  the 
250  mg  dose  level  showed  haemorrhage  of  the  thymus.  All  0  -roups  showed 

varving  degrees  of  byuropic  necrosis  of  the  renal  proximal  •'onvoluted  tubule' 
with  epithelial  sloughing:  recovery  occurred  in  •'1'  gr c”r~  after  withdrawal 

of  disodium  EDTA  (Eevher  f-  Jchmieler,  1962). 
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tebbit.  Eight  groups  of  3  rabbits  were  given  either  0.3,  1,  10  or  2 
mg/kg  body-weight  disodium  EDTA  i.v.,  or  50,  100,  500  or  1000  mg/kg  body-welght 
orally  for  1  month.  All  animals  on  the  highest  oral  test  level  exhibited 
severe  diarrhoea  and  died.  In  the  other  groups  body-weight,  haemogram, 
urinary  nitrogen  and  urobilinogen  were  unaffected.  Histopathological  exam¬ 
ination  of  a  number  of  organs  showed  degenerative  changes  in  the  liver,  kidney, 
parathyroid  and  endocrine  organs  and  oedema  in  muscle,  brain  and  heart  at  all 
levels  of  treatment  (Shibata,  1956). 


Long-term  studies 

Hat.  In  a  2-year  study  5  groups  totalling  33  rats  were  fed  0,  0.5,  1 
and  5  per  cent,  disodium  EDTA.  The  5  per  cent,  group  showed  diarrhoea  and 
consumed  less  food  than  the  rats  in  other  groups.  No  significant  effects 
on  weight  gain  were  noted  nor  were  blood  coagulation  time,  red  blood  cexl 
counts  or  bone  ash  adversely  affected.  The  mortality  of  the  animals  could 
not  be  correlated  with  the  level  of  disodium  EDTA.  The  highest  mortality 
rate  occurred  in  the  control  group.  Gross  and  microscopic  examination  of 
various  organs  revealed  no  significant  differences  between  the  groups  (Yang, 
1964). 

Comments 

The  long-term  studies  on  rats  are  difficult  to  assess  because  of  the 
small  number  of  animals  and  the  high  mortality  rate  even  in  the  control  group. 
Metabolic  studies  and  feeding  experiments  demonstrate  that  the  use  of  calcium 
disodium  EDTA  is  preferable  to  that  of  disodium  EDTA. 


Evaluation 

Because  of  its  effect  on  calcium,  the  use  of  disodium  EDTA  as  a  food 
additive  is  not  recommended.  Under  certain  circumstances,  necessitating  an 
accurate  complexing  of  calcium,  it  may  be  used  provided  no  excess  of  d; sodium 
iDTA  remains  and  the  only  compound  finally  present  is  calcium  dir.odium  EDTA. 
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HYDROGEN  PEROXIDE 


-hp..-:  name  Hydrogen  peroxide 

•'.nni rical  formula  H202 


Molecular  weight 

Definition 


Description 


Caution 


Uses 


34.02 

Hydrogen  peroxide  suitable  for  food  use  contains  the 
amount  of  ^z°2  as  specified  by  the  vendor  (usually 
between  30  and  50  per  cent. ) . 

Hydrogen  peroxide  is  a  colourless  liquid,  contaxn^rr 
stabilizer  appearing  in  the  residue  on  evaporation 

Powerful  oxidizing  agent.  Avoid  contact  with  eyes 
and  skin. 

As  an  antimicrobial  or  bleaching  agent. 


Biological  Data 

Biochemical  aspects 

When  hydrogen  peroxide  is  used  as  an  agent  to  reduce  the  number  of  bacteria 
in  dairy  products  or  other  foodstuffs,  the  excess  is  destroyed.  Toxicological 
considerations,  therefore,  apply  only  to  the  possible  interference  with  the 
nutritional  value  of  treated  foodstuffs  or  the  formation  of  toxic  substances, 
but  not  to  residual  hydrogen  peroxide.  It  is  well  known  that  snail  amounts 
of  hydrogen  peroxide  given  orally  produce  no  toxicological  effects,  because  of 
the  rapid  decomposition  by  the  catalase  of  the  intestinal  cells.  However,  a 
(.45  per  cent,  solution  given  to  rats  instead  of  drinking  water  depressed  the 
fluid  intake  and  food  consu-rrotion  and  reduced  the  body-weight  (Hankin,  1958'). 
3ome  hydrogen  peroxide  was  absorbed  sublingually,  causing  visible  pa*  bubbles 
in  the  veins  (Ludewig,  1959). 


Dilute  solutions  of  hydrogen  peroxide  (0.2S  per  cent..)  caused  no  changes 
m  casein  detectable  by  electrophoresis  and  also  no  change  in  the  narticle 
size  observable  by  electron  microscopy.  The  rennet  coagulation  time  of  milk 
or  of  a  pure  casein  solution  treated  with  hydrogen  peroxide  was  prolonged. 
Crystallized  serum  albumin  treated  with  hydrogen  peroxide  also  showed  no 
d.te=t,l,le  chan,-.*.  Or.  the  other  hand,  hydroper.  peroxide  canned  ,  disnocia- 

Uon  of  the  p-lactopl obtilin  polechle  .„d,  therefore,  (..rations  in  ,h- 

' 

,-y  .iv.utOtsViiAL  Ht  • 

s  — 
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electrophoretic  patterns  of  whey.  The  addition  of  0.25  per  cent,  of  hydrogen 
peroxide  for  2  days  at  30°  or  20  minutes  at  55°  did  not  noticeably  reduce 
the  sulfhydryl  groups  of  milk  proteins  (Luck  &  Joubert,  1955a;  1955b;  1955c). 

No  effect  on  the  electrophoretic  patterns  of  the  milk  proteins  attributable  to 
the  treatment  of  milk  with  0.1,  0.2  and  0.5  per  cent,  hydrogen  peroxide  at 
120°F  has  been  observed  (Tepley  et  al.,  1958). 

Treatment  of  milk  with  0.3  per  cent,  hydrogen  peroxide  for  24  hours  at 
30°  or  30  minutes  at  51°  had  no  detectable  influences  on  the  milk  fat  or 
the  fat  soluble  vitamins  A  and  and  p-carotene  (Luck  &  Schillinger,  1958a); 
the  water  soluble  vitamins  thiamine,  riboflavin  and  pyridoxine  were  also  not 
affected,  but  ascorbic  acid  was  nearly  completely  destroyed  (Luck  &  Schillinger, 
1958b).  Treatment  of  milk  with  0.1,  0.2  and  0.5  per  cent,  hydrogen  peroxide 
had  no  influence  on  the  content  of  the  milk  or  wheys,  on  the  vitamins  thiamine, 
riboflavin,  niacin,  pyridoxine,  pantothenic  acid,  folic  acid,  vitamin  B^j 
vitamin  A  and  P-carotene.  Treatment  of  milk  with  0.5  per  cent,  hydrogen 
peroxide  lowered  the  values  for  cystine  and  methionine  in  the  cheese  made  from 
this  milk  by  10-25  per  cent.,  but  values  for  tryptophan  and  lysine  were  not 
affected  (Tepley  et  al.,  1958). 

Acute  toxicity 

No  data  on  the  acute  toxicity  of  foodstuffs  or  food  components  treated 
with  hydrogen  peroxide  are  available. 

Short-term  studies 

Rat.  Groups  of  10  male  weanling  rats  were  fed  for  6  weeks  9  per  cent, 
milk  protein  or  cheese  protein  of  pasteurized  milk  treated  with  0,  0.1,  0.2 
and  0.5  per  cent,  hydrogen  peroxide.  The  hiological  value  of  the  proteins 
was  not  altered,  with  the  exception  of  a  slightly  depressed  value  for  milk 
treated  with  0.5  per  cent,  hydrogen  peroxide  at  160°F.  All  animals  remained 
in  good  health  and  autopsy  showed  no  abnormalities  (Tepley  et  al.,  1958). 

Comments 

The  destruction  of  ascorbic  acid  in  milk  is  not  considered  nutritionally 
important  as  it  is  a  minor  source  of  this  vitamin;  pasteurization  has  an 
equally  destructive  effect.  Biochemical  studies  and  short-term  animal  studies 
with  hydrogen  peroxide  treated  milk  and  cheese  support  the  view  that  milk 
treated  with  hydrogen  peroxide  may  be  safe.  However,  long-term  studies  are 
lacking. 

Evaluation 

Because  of  the  instability  of  the  compound  in  contact  with  food,  it  is 
not  possible  to  allocate  to  it  a  meaningful  acceptable  daily  intake  for  man. 
However,  in  circumstances  where  more  acceptable  methods  of  milk  preservation 
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are  not  available,  hydrogen  peroxide  may  be  used  for  this  purpose. 
Further  work  required 

Long-term  toxicity  studies  on  milk  treated  with  various  levels  of 
hydrogen  peroxide. 
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Definition 


Description 


ISOPROPYL  CITRATE  MIXTURE 

A  mixture  consisting  of  approximately 
27  per  cent,  monoisopropyl  citrate 
9  per  cent,  diisopropyl  citrate 
2  per  cent,  triisopropyl  citrate 
62  per  cent,  mono-  and  diglycerides 

More  readily  soluble  in  oils  than  cicric  acid. 


Use 


As  a  sequestering  agent  in  antioxidant  mixtures  and  in 
fatty  foods. 


Monoi sooropyl  Citrate 

Chemical  name  Citric  acid  ester  ot  2-Propanol 

Structural  formula  CH  -COOR 

I  2 

HO-C-COOR 

I 

CHo-C00R 

sL 


Where  in  the  major  component  one  R  is  isopropyl  and 
the  remainder  are  hydrogen. 

Definition  Monoisopropyl  citrate  is  formed  by  esterifying  citric 

acid  with  2-propanol  resulting  in  a  mixture  of  mainly 
monoisopropyl  citrates  with  some  di-  and  triisopropyl 
citrate.  The  product  is  the  isopropyl  citrate  used 
1,0  prepare  the  mixture  described  above. 

Description  Monoisonropyl  citrate  is  a  viscous,  colourless  syrup 

exhibiting  some  crystallization  upon  standing. 

Ipeoi ficetions  for  monoisopropyl  nitrate  wi  appear  ns  working  papers  for 
the  Fourth  '-'eeting  of  the  C-odex  Committee  on  Food  Additives,  September  1967,  anc 
will  be  available  or;  request  from  the  Joint  FAO/WHO  Food  Standards  Branch  (Code;- 
41  ;i  men  tarius )  .-'AO ,  Rome . 


dloloeicai  Da  la 

For  ciological  data  on  the  isopropyl  citrate  mixture  see  the  Sixth  Report 
of  the  Joint  FAO/WHO  Expert  Committee  on  Food  Additives. 

Evaluation 

I,e vel  c>uslnr  no  toxi  •clerical  effect 

Rat.  28  000  ppm  in  the  diet,  equivalent  t.o  1400  mg/kg  body-weight/day. 
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SODIUM  PROPIONATE 


Chemical  names 


Sodium  propionate;  Sodium  propanoate 


Empirical  formula  C^H^Na 


Structural  formula  CH^-CH^-COONa 


Molecular  weight 


Description 


Definition 


96.06 

Sodium  propionate,  after  drying  at  110°,  contains  not 
less  than  99  per  cent,  of  Cyi^Na. 

Sodium  propionate  is  a  white  or  colourless,  crystalline, 
hygroscopic  solid  with  not  more  than  a  faint  characteristic 
odour . 


Use 


As  mould  inhibitor. 


Biological  data 


Biological  data  on  propionates  are  given  in  the  Sixth  Report  of  the 
Joint  FA0/WH0  Expert  Committee  on  Food  Additives,  FAO  Nutrition  Meetings 
Report  Series  No.  31  j  Wld  Hlth  Org.  techn.  Rep.  Ser..  228. 


Evaluation 


There  is  no  reason  to  believe  that  propionic  acid  differs  toxicologically 
from  its  calcium  and  sodium  salts.  The  estimated  acceptable  daily  intakes  of 
these  salts  for  man  given  in  the  Sixth  Report  of  the  Joint  FAO/WHC  Expert 
Committee  on  Food  Additives  are  therefore  considered  applicable  to  the  acid. 

Estimate  of  acceptable  daily  intakes  for  man 


Unconditional  acceptance 
Conditional  acceptance 


10-20 


0-10 


(calculated 


As  the  sum  of  propionic  acid  and 
a  ted  as  propionic  °cidK 


calcium  and  sodium  propionate 


SuRRIC  ACID 


Chemical  names  Sorbic  acid;  Trans,  trans-2,4-hexadienoic  acid 

Empirical  formula  CAl^O 

Structural  formula 


'■  .■  lobular  wei.-ht 

Cefirlt.ioi 

be.scrir  tlon 


lolof  i  ml  Data 

This  additive  was  evaluated  by  the  Joint  FAO/WHO  Expert  Committee  on 
Food  additives  in  its  Sixth  and  Eighth  Reports  (FAO/WHO,  1362;  FA0/W110,  1365). 

Since  their  publication  some  new  experimental  work  has  been  carried  out  or. 

‘his  compound.  This  and  oth- r  work  not  included  ir.  the  previous  reports  is 
-•resented  a  id  discussed  in  this  monograph. 

■  1  -she:. ;  c;F  a  sou ■'*  *.  ~ 

The  metabolism  of  1  -a'*  1-sorbic  acid  har  been  studied  by  Fir.gerhut  et  al. 
(1362);  85  per  cent,  of  the  activity  was  found  in  the  expired  CO^,  0.4  per 

cent,  in  the  faeces,  2  per  cent,  in  the  urine  as  urea  and  CO,,,  3  per  cent, 
in  internal  organs.  3  per  cent,  in  the  skeletal  muscles  and  6.6  per  cent,  in 
the  other  parts  cf  the  carcass.  ho  glycogen  was  formed  from  sorbic  acid. 

"oct  of  the  ac'ivity  was  found  in  the  subcutaneous  fat  deposits  and  in  the 
lipids  of  the  organs.  There  was  a  linear  relationship  between  dose  and 
oxidation  rate;  the  half-life  of  the  oxidation  was  40-110  minutes  in  the 
dose  range  from  60-1200  lg/kg  body-weight.  In  a  similar  experiment  on  nice, 
also  using  1-"* +C-sorbic  acid,  these  results  were  confirmed:  31  t  10  per  cent, 
of  the  sorbic  ncid  was  oxidised  to  00^,  the  dose  given  ranging  from  40-3COC 
iig/’kg  body-weight.  About  7  per  cent,  of  the  activity  was  excreted  as  sorbic 


X 

H  C=C 

H/  NC00H 


112.13 

Corbie  acid,  after  drying  for  4  hours  in  a  vacuum  desic¬ 
cator  over  sulfuric  acid,  contains  not  less  than  93  per 
cent,  of  0^11-0.,. 

Sorbic  acid  is  a  white,  crystalline  solid  with  a  mildly 
acrid  odour. 

As  ar  antimicrobial  and  fungistatic  agent. 
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aciu  and  ./  per  cent,  nr 


trans,  trans-muconic  acid  (Wes too,  1964 )  • 


Long-term  studies 

The  feeding  experiment  on  groups  of  100  rats  (50  males  and  50  females) 
given  0  and  5  per  cent,  sorbic  acid  was  extended  to  the  whole  life-span  of 
the  first  generation.  The  average  life-span  of  the  group  receiving  sorbic 
acid  was  811  days  for  the  males  and  789  days  for  the  females.  In  the  con¬ 
trol  group  the  life-span  of  the  males  was  709  days  and  for  the  females  804 
days,  possibly  suggesting  protection  by  sorbic  acid  against  lung  infection. 
Autonsies  were  performed  on  all  rats  of  the  first  generation  that  died  dur¬ 
ing  the  experiment.  There  were  no  differences  in  the  organ  weight  of  the 
individual  groups  nor  in  the  distribution  of  the  causes  of  death.  In  each 
groun  (5  per  cent,  sorbic  acid  and  controls)  only  2  tumours  were  found. 

The  animals  of  the  second  generation  were  sacrificed  after  250  days  of  feed 
ing  sorbic  acid.  Examination  of  liver,  kidney,  heart  and  testes  showed  no 
abnormalities  (Lang,  1962;  Lang  et  al.,  1967). 

Evaluation 

(See  Potassium  Sorbate) 
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CALCIUM  SORBATE 

Chemical  names 

Calcium  sorbate,  Calcium  salt  of  trans,trans-2,4- 

hexadienoic  acid 

Empirical  formula 

C  H  CaO 

12  14  4 

Structural  formula 

(H  CN  H 

s* 

H  „C=C* 

H  C00)2Ca 

Molecular  weirht 

262.32 

Definition 

Calcium  sorbate  contains  not  less  than  98  per  cent.,  and 

not  mere  than  the  equivalent  of  102  per  cent,  of 

C.JL.CaO,  after  drying. 

I*.  14  4 

Description 

Calcium  sorbate  occurs  as  a  fine  white  crystalline  powder 

Uses 

As  an  antimicrobial  and  fungistatic  agent. 

Biolorical  Data 

(See  Potassium  Sorbate) 

Chemical  names 

POTASSIUM  SORBATE 

Potassium  sorbate;  Potassium  salt  of  brans,  trans-  ,4- 

hexadienoic  acid 

Ennirical  formula 

C6H7°2K 

Structural  formula 

h  :N  yu 

3  ^=C  H 

H  >C 

I!  nC00K 

Molecular  weirht. 

150.22 

Definition 

Potassium  sorbate  contains  not  less  than  98  per  cent, 
and  not  more  than  the  equivalent  of  102  per  cent,  of 

C6H7°2K‘ 
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Description 


Uses 


Potassium  sorbate  occurs  as  white  or  yellowish-white 
crystals  or  crystalline  powder. 

As  an  antimicrobial  and  fungistatic  agent. 


Biological  Data 

Biochemical  aspects 

The  studies  on  the  metabolism  of  x^C-labelled  sorbic  acid  were  performed 
by  using  either  sorbic  acid  neutralized  with  sodium  hydroxide  (Fingerhut  et 
al.,  1962)  or  the  potassium  salt  (Westbo,  1964). 

Acute  toxicity 


Substance 

Animal 

Route 

LD50 

(mg/kg  body-weight) 

References 

Sodium  sorbate 

rat 

oral 

7  160 

Smyth  &  Carpenter, 
1948 

Sodium  sorbate 

rat 

oral 

4  000  and  5  940 

Deuel  et  al.,  1954 

Potassium  sorbate 
(solid  isomer) 

rat 

oral 

4  920 

Mellon  Institute, 
1954 

Potassium  sorbate 
(mixed  isomer) 

rat 

oral 

6  170 

Mellon  Institute, 
1954 

Sodium  sorbate 

mouse 

i.p. 

2  500 

Rhone-Poulenc , 

1965 

Potassium  sorbate 

mouse 

i.p. 

1  300 

Rhone-Poulenc , 

1965 

Short-term  studies 


— *  GrouPs  of  10  rats  (5  male  and  5  female)  were  fed  potassium  sorbate 
(solid  or  mixed  isomers)  at  levels  of  0,  1,  2,  5  and  10  per  cent,  of  the  diet 
for  3  months.  Body-weight  gain  was  initially  depressed  at  10  per  cent.,  and, 
to  a  lesser  degree,  in  the  5  per  cent,  female  group.  There  are  no  figures 
given  for  the  food  consumption  during  this  time.  At  the  end  of  the  experiment, 
the  weights  of  the  rats  receiving  10  per  cent,  of  either  isomer  were  slightly 
depressed,  but  the  food  consumption  of  these  animals  was  smaller.  The  food 
emolency  (weight  gai„/g  Pood)  was  practical!,  th.  came  aa  ip  the  control  group. 
Relative  n,er  weights  were  the  same  in  all  groups.  Kid™,  weight,  were  " 
recreated  at  the  1C  per  cent,  level,  probabl,  due  to  the  high  potesaium  load. 

Thia  cat  also  noted  to  a  leaser  degree  at  the  5  per  cent,  level.  Cross  oatho- 

gical  examination  showed  no  abnormalities,  even  i„  the  10  per  cent  level  '  ' 
groups  (Mellon  Institute,  1954).  el 


Dor.  Sight  dogs  received  1  per  cent,  and  8  dogs  2  per  cent.,  of  the  solid 
or  mixed  isomers  of  potassium  sorbnte  in  the  diot  for  3  months;  4  dogs  were 
used  as  controls.  There  were  no  differences  in  weight  gain.  Gross  exaninatio 
on  autopsy  showed  no  evidence  of  a  deleterious  effect  attributable  to  the  s or¬ 
nate  s  (Mellon  Institute,  1954'* 

Gomnents 

The  level  of  10  per  cent,  and  even  5  per  cent,  potassium  sorbate  causes 
a  very  high  potassium  intake.  Tne  food  consumption  of  15  g/rat/day  results 
daily  intake  of  12  meq.  K  for  the  10  per  cent.  level  group.  The  normal 
daily  allowance  for  the  mature  rat  is  1,5  meq.  K. 

When  considering  the  results  of  the  short-term  studies,  allowance  has 
been  mn:ie  for  the  adverse  effects  of  high  potassium  intake.  Accordingly 
it  wan  concluded  that  the  same  no-effect,  level  could  be  accepted  for  evaluation 
of  sorbic  acid  and  its  Ga  ar.d  K  salts. 

It  is  desirable  that  long-term  studies  ee  carried  out  on  animals  and 
metabolic  investigations  in  man  using  the  Ga  or  K  salts. 

w-'al  uat.j  on 

Love,  causiiu:  m  toxicological  effect 

hat.  50  fGC  ppm  in  the  diet,  equivalent  to  2500  mg/kg  body-weight/day. 
i.utl -..a  ..e  c‘'  acceptable  for  men 

;d'  body -waii  lit  ' 

tir.condi  tionai  acceptance  0-12.5 

Gondi tionai  sccer>‘  nnce  12.5-25 


rulFGRSNCES 

beuel,  H.  .*.  Jr  <i  al.  (I  "4)  food  Res..  1  .,  1 

; ■  t.cgerhut,  M.  .  Jc-hmi  nt,  .  V  Lang,  K.  (1962)  Hinjhem.  i,,.  366,  II  ?■ 

Mellon  Institute  (1954)  Unpublished  report 
Rh6np-;3otlenc  (l  165)  Unpublished  report 

Imyth-  H.  p.  Jr  &  larpenter,  p.  (2943)  9.  Indus tr.  !ive.  voxb:o  ..  30.  63 
Vie u too,  E.  (I964)  4.,  ‘..t  -die m. _  cand . .  J_9,  1173 


As  the  sum  of  sorbic  acts  and  Ga  and  K  sorbates  (calculated  as  sorbic 

aci  i) . 
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SULFUR  DIOXIDc.  AND  RELATED  SUBSTANCES 


SULFUR  DIOXIDE 

Chemical  name 

Sulfur  dioxide;  Sulfurous  acid  anhydride 

Chemical  formula 

S°2 

Molecular  weight 

64.07 

Definition 

Sulfur  dioxide  contains  not  less  than  95  per  cent.  SOp. 

Descrintion 

Sulfur  dioxide  is  a  colourless,  nonflammable  gas,  with 
a  strong,  pungent,  suffocating  odour. 

Biological  Data 

(See  Sodium  Sulfite) 

Chemical  names 

POTASSIUM  METABISULFITE 

Potassium  me tabi sulfite;  Potassium  pyrosulfite; 

Potassium  disulfite 

Empirical  formula 

K232°5 

Molecular  weight 

222.33 

Definition 

Potassium  me tabi sulfite  contains  not  less  than  90  per 
cent,  of  KpS^Oj. . 

Descrirti on 

Potassium  metabisulfite  occurs  as  colourless  free-flowing 
crystals,  crystalline  powder,  or  granules,  usually  having 
an  odour  of  sulfur  dioxide. 

Biol  o  -ica  i  .  -i  t.n 

(See  Sodium  Sulfite) 

Svnonvmn 

SODIUM  HYDROGEN  SULFITE 

Sodium  bisulfite;  Sodium  acid  sulfite 

Cher. :  -*a'.  ame 

-od5um  hydrogen  sulfite 
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Molecular  weirht 

Definition 


Desorintion 


Oemi  :v  ‘  ^-ame 
f he^lurJ  formula 


Molecular  weight 

Def  5  r-lT.ion 


Peso  ■.'ir-’tior 


Gnen'  c  al  name 
"f  ■  .  formula 


Molecular  weight 

Definition 


104.06 

Sodium  hydrogen  sulfite  contains  not  less  than  95  per 
cent,  of  NaHSO^  and  not  less  than  60  per  cent.  30o. 

Sodium  hydrogen  sulfite  is  a  white  crystalline  or 
granular  solid  with  an  odour  of  sulfur  dioxide. 

ciolo-Tic^l  L/a  i.a 
(See  Sodium  Sulfite) 


SODIUM  MET .’vBISULFI T £ 

Sodium  pyrosulfite 
Ka^S^O,. 

190.11 

Sodium  me t.abi sulfite  contains  not  less  than  :>5  pc-r  cent, 
of  NajSgOc  not  Ion.  than  6/v  pr.  *  :en  .  ft... 

Sodium  metabiaulfita  ir.  a  white  crystalline  solid  with  an 
oaour  of  sulfur  dioxide. 

hiolcrioal  Data 
(See  Sodium  Sulfite) 


SODIUM  SULFITS 

Sodium  sulfite 

(»)  Na„30^  (anhydrous)  (b)  Ma0SO,*?H,i 

(a)  126.05  (b)  252.16 

(e)  Sodium  sulfite  (anhydrous!  contains  not  lens  than 
95  per  rei.'. .  NagSO.  and  not  less  than  /  1  per  cent.  S*  -  . 

(p)  Sodium  rulfi.'e  hentahynr-  1  e.ntni  u;  not  le  than 
49  per  cent.  Na0SO_  and  not  lens  than  24  per  cent.  0_. 
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Inscription 


(a)  Sodium  sulfite  (anhydrous)  is  a  white  powder  with 
not  more  than  a  faint  odour  of  sulfur  dioxide. 

(b)  Sodium  sulfite  heptahydrate  is  a  transparent  or 
white  crystalline  solid  with  not  more  than  a  faint  odour 
of  sulfur  dioxide. 


Biological  Data 

The  biological  data  as  they  were  available  at  the  end  of  1964  have  been 
summarized  in  the  document  entitled  "Specifications  for  Identity  and  Purity 
and  Toxicological  Evaluation  of  Some  Antimicrobials  and  Antioxidants"  (FAO/WHO, 
1965).  Since  its  publication  some  new  experimental  work  has  been  carried  out 
on  this  substance.  This  and  other  work  not  included  in  the  above  document 
are  summarized  in  this  monograph. 

Biochemical  aspects 

Four  rats  given  oral  doses  of  sodium  metabisulfite  as  a  0.2  per  cent, 
solution  eliminated  55  per  cent,  of  the  sulfur  as  sulfate  in  the  urine  within 
the  first  4  hours  (Bhagat  &  Lockett,  I960).  A  rapid  and  quantitative  elimi¬ 
nation  of  sulfites  as  sulfate  was  also  observed  in  man  and  dog  (Rost,  1933). 

Sulfite  is  a  strong  inhibitor  of  some  dehydrogenases,  e.g.  lactate 
dehydrogenase  (heart)  and  malate  dehydrogenase;  50  per  cent,  inhibition  by 
about  10.  sulfite  (Pfleiderer  et  al.,  1956). 

Small  amounts  of  sulfite  are  regularly  formed  in  the  intermediary  meta¬ 
bolism  of  the  body  in  the  catabolism  of  cystine  by  the  non-enzymatic  decom¬ 
position  of  8-sulfinyl  pyruvic  acid  to  pyruvic  acid  and  S02.  The  stationary 
concentration  of  sulfite  in  the  cells  is  too  small  to  be  measured.  However, 
0.10-0.12  meq./lOO  ml  was  found  in  bull  seminal  fluid  (Larson  &  Salisbury,  1953). 

Exposure  of  cells  in  tissue  culture  to  various  concentrations  of  S02  in 
the  medium  showed  that  strain  L  cells  could  tolerate  5  ppm  S02  for  periods  of 
8  hours  provided  a  recovery  period  followed  each  exposure.  At  higher  con¬ 
centrations  (500-2000  ppm)  of  S02  there  was  inhibition  of  growth;  at  the 
500  ppm  level  the  growth  was  comparable  to  control  cultures.  The  addition 
of  salts  of  S02  caused  stimulation  of  growth  at  lower  levels  and  complete 
inhibition  at  2000  ppm  NaHSO^  (Thompson  &  Pace,  1962). 

Effect  on  thiamine 

Treatment  of  foods  with  sulfites  reduced  their  thiamine  content  (Morgan 
et  al.,  1935,  Williams  et  al.,  1935).  It  has  been  suggested  that  the 

ingestion  of  S02  in  a  beverage  may  effectively  reduce  the  level  of  thiamine 
in  the  rest  of  the  diet  (Hotzel,  1962). 


-  66  - 


Six  rats  were  given  a  diet  providing  40  m g  thiamine  daily.  At  weekly 
intervals  an  additional  160  mg  thiamine  was  given  and  the  urinary  excretion 
of  thiamine  measured  on  the  following  2  days.  When  the  response,  in  terms 
of  urinary  output  of  thiamine,  appeared  to  be  constant,  160  mg  thiamine  was 
given  together  with  120  mg  potassium  metabisulfite.  It  was  found  that  the 
addition  of  SO..,  greatly  reduced  the  urinary  output  of  thiamine,  especially 
on  the  day  when  both  were  given  together  (Causeret  et  al.,  1965). 

In  wine  containing  400  ppm  S0^,  50  per  cent,  of  the  thiamine  was  destroyed 
in  one  week.  However,  no  loss  of  thiamine  was  observed  in  48  hours.  The 
small  amounts  of  SO,,  resulting  from  the  recommended  levels  of  usage  in  wine 
are  therefore  not  likely  to  inactivate  the  thiamine  in  the  diet  during  the 
relatively  short  period  of  digestion  (Jaulmes,  1965). 

Calcium  balance 

Interest  in  this  aspect  arises  from  the  possibility  that  sulfate  formed 
metabolically  from  sulfite  may  serve  to  increase  loss  of  calcium  in  urine  and 
faeces  of  man. 

Levels  of  0.5-0. 7  per  cent,  calcium  carbonate  in  the  diet  caused  increased 
faecal  excretion  and  diminished  urinary  levels  of  Ca.  Levels  up  to  0.2  per 
cent,  had  no  effect  on  the  excretion  of  Ca  (Causeret  &  Hugot,  I960).  In  a 
further  experiment,  diets  containing  0.5  and  1  per  cent,  calcium  carbonate  and 
0.5  and  1  per  cent,  potassium  metabisulfite  (2885  and  5770  ppm  SO^)  were  admini¬ 
stered  to  young  rats  and  the  faecal  and  urinary  excretion  of  Ca  measured  for  10 
days.  At  the  lower  level  of  dietary  Ca  (0.5  per  cent.)  both  levels  of  the 
metabisulfite  caused  a  significant  increase  in  the  urinary  excretion  of  Ca  but 
oad  no  effect  on  the  faecal  excretion.  At  the  higher  dietary  Ca  level  (1  per 
cent.)  the  reverse  was  found.  There  was  no  difference  between  the  effects  of 
the  two  levels  of  me tabi sulfite.  This  was  interpreted  as  being  due  to  satura¬ 
tion  of  the  body's  capacity  to  convert  sulfite  to  sulfate  (Hugot  et  al.,  1965). 

The  level;  of  hepatic  vitamin  A  were  determined  on  both  control  and  test 
rats  receiving  1.2  g/l  potassium  metabisulfite  in  the  drinking  water  (700  ppm 
as  S0o).  There  was  an  insignificant  decrease  in  the  vitamin  A  level  in  the 
liver  of  test  animals  after  10  days.  In  another  experiment,  two  groups  of  40 
rats  each  were  kept  for  4  months  on  a  diet  containing  only  traces  of  vitamin  A. 
The  drinking  water  of  one  group  contained  1.2  g/l  potassium  metnbisulfite. 
Hepatic  vitamin  A  levels  were  determined  at  the  end  of  each  month.  A  gradual 
reduction  in  liver  vitamin  A  levels  was  observed  in  both  groups.  The  addition 
of  to  the  drinking  water  did  not  accentuate  this  reduction  (Causeret  et  al., 

1965). 
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■  injr l- term  studies 

■  /ia  pqch  sex)  were  Ted  diets  containing 
tot.  Groups  of  20  Wistar  rats 

0  125,  0.25,  0.5,  1.0  and  2.0  par  cant,  of  sodiu,  hydrogen  sulfite  (770-12 
p„  as  SO,)  for  17  vaeks.  A  group  of  20  rats  on  untreated  diet  »rv.<  « 
rontrois.  Immediately  after  preparation,  all  diets  were  stored  at  -19  C 
closed  glased  earthenware  containers,  for  not  longer  than  2  weeks, 
of  loss’of  SO,  on  keening  each  diet  in  air  for  24  hours  at  room  temperature 
revealed  losses  amounting  to  12.5,  10.0,  14.3,  8.2  and  2.5  per  cent,  of  the 
sulfite  present  in  the  diets  as  listed  above,  i.e.  with  increasing  SO.,  content 
a  decreasing  proportion  was  lost. 


After  124  days  there  was  no  effect  on  the  growth  of  male  rats.  In  females, 
the  2.0  per  cent,  group  grew  as  well  as  the  controls;  both  these  female  groups 
were  used  for  fertility  studies,  had  given  birth  to  litters  during  the  course  of 
the  test,  and  had  raised  their  young.  The  other  female  groups  on  lower  levels 
of  dietary  sulfite  were  not  mated  and  showed  significant  depression  of  growth 
(as  compared  with  controls  that  had  been  mated).  Haematological  measurements 
at  7—8  weeks  (all  groups)  and  at  13  weeks  (2  per  cent,  and  controls)  revealed 
no  effect  of  sulfite. 


In  the  diet  containing  2  per  cent,  sulfite,  thiamine  could  not  be  measured 
after  14  days  at  -18°C;  at  1.0  per  cent,  and  0.25  per  cent,  sulfite  there  was 
some  loss  of  thiamine  but  this  cannot  be  assessed  precisely  since  the  initial 
values  are  not  quoted.  Measurements  of  urinary  thiamine  excretion  revealed 
substantial  reduction  at  1  week  and  particularly  at  13  weeks  in  all  gro\aps 
receiving  more  than  0.125  per  cent,  sulfite  in  the  diet.  Urine  concentration 
tests  were  not  carried  out  on  a  sufficient  number  of  animals  to  permit  any  firm 
conclusion  to  be  drawn. 


Males  and  females  of  the  control  and  2  per  cent,  grouns  were  mated  with 
rats  drawn  fro™  the  main  colony.  The  only  untoward  findings,  with  females  of 
the  2  per  cent,  group,  were  lower  weight,  of  the  offspring  at.  7  and  21  days  of 
life  and  44.3  per  cent,  mortality  as  compared  with  mortalities  of  0,  2.8  and 
3.3  per  cent,  in  the  other  groups  of  young  rats.  It  is  claimed  that  no 

changes  wem  found  in  relative  organ  weight  (liver,  heart,  spleen,  kidneys, 
adrenals,  testes)  nor  in  microscopical  appearance  (above  organs,  stomach,  intestine, 
uterus,  teeth  »nd  eyes).  Since  no  measure  of  dispersion  is  quoted,  it  ic  impos¬ 
sible  to  say  whether  the  apparent  severe  reduction  in  relative  liver  weight  at  the 

'/  f  ’  G*f  at*  r'er  oen1-  lev*iF  significant  (Centra*!  Instituut  voor 

Voedingsorder7oek  ".1.0..  l%ft). 
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Long-term  studies 

Rat,  A  solution  containing  1.2  g  of  potassium  metabisulfite  per  litre  of 
water  (700  ppm  SO.,)  was  administered  to  80  weanling  rats  (40  of  each  sex)  over 
a  period  of  20  months.  A  group  of  80  rats  given  distilled  water  served  as 

controls.  It  was  shown  that  the  intake  of  fluid  by  the  test  group  was  the  same 

as  that  of  the  controls  (but  no  study  appears  to  have  been  made  of  30?  loss  from 
the  metabisulfite  solution).  The  intake  of  SO.,  calculated  from  the  consumption 
of  water  was  30-60  mg/kg  body-weight/day  for  males  and  40-80  mg/kg  body-weight/day 
for  females.  The  following  criteria  provided  no  evidence  of  toxic  effect: 
growth  rate,  food  intake,  clinical  condition,  haematological  indices  of  blood 
and  bone  marrow  (except  peripheral  leucocyte  count,  which  was  increased  in  males), 
organ  weights  (except  spleen  weight,  which  was  heavier  in  females),  micropatho- 
logical  examination  of  a  large  number  of  tissues  and  mortality  rate.  Fatty 
change  in  the  liver  was  mostly  slight  or  absent,  with  a  similar  incidence  and 
severity  in  test  and  control  groups.  Reproduction  studies  over  two  generations 
revealed  no  effect  except  for  a  slightly  smaller  number  of  young  in  each  litter 
from  test  animals  and  smaller  proportion  of  males  in  each  of  these  litters. 

Growth  of  the  offspring  up  to  3  months  was  almost  identical  in  test  and  control 
groups  (Cluzan  et  al.,  1965). 

Four  groups  of  20  rats  (10  of  each  sex  on  standard  diet)  were  given  daily 
doses  (30  ml/kg  body-weight)  of  red  wine  containing  100  and  450  ppm  SO^,  an 
aqueous  solution  of  potassium  metabisulfite  (450  ppm  30^)  and  pure  water  by 
oral  intubation  on  6  days  each  week  for  four  successive  generations.  The 
females  were  treated  for  4  and  the  males  for  6  months;  the  second  generation 
was  treated  for  1  year.  The  only  effect  seen  was  a  slight  reduction  in  hepatic 
cellular  respiration.  All  other  parameters  examined:  weight  gain,  weight  and 
macroscopic  or  histological  appearance  of  various  organs,  appearance  and  behaviour, 
proportion  of  parturient  females,  litter  size  and  weight,  biological  value  of  a 
protein  sample,  showed  no  changes  attributable  to  S0o  (Ianteaume  et  al.,  1965). 

Comments 

The  long-term  studies  involving  the  administration  of  metabisulfite  in 
drinking  water  (700  pnn  50,,)  equivalent  to  35  mg/kg  body-weight/day  5C„  shows 
that  this  level  apparently  causes  no  toxic  effects  in  the  rat. 

From  the  long-term  studies  on  metabisulfite  in  wine  and  water  it  appears 
that  the  daily  administration  of  fluid  (30  ml/kg  body-weight)  containing  an 
equivalent  of  450  ppm  S02  (14  mg/kg  body-weight/day)  produces  no  adverse 
effects  in  the  rat. 


3ulfite  administered  in  food  appears  to  be  more  toxic  in  animal  experiments 
than  when  administered  in  drinking  water  or  wine.  Further  studies  are  desirable 
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uslng  food  trested  with  sulfite  .„d  stored,  to  .lucid.*  the  adverse  effects 
previously  observed  under  these  circumstances. 

Evaluation 

Recent  studies,  taken  in  conjunction  with  the  comments  made  above,  do  not 
permit  an  alteration  in  the  previous  estimate  of  acceptable  daily  intakes  for 

man. 

Level  causing  no  toxicological  effect 

Rat.  Metabisulfite  in  drinking  water  at  a  level  of  700  ppm  equivalent 
to  35  mg/kg  body-weight/day,  calculated  as  S02. 

The  level  for  S02  in  the  diet:  307  ppm  equivalent  to  15  mg/kg  body-weight/day, 
calculated  as  S02  (FA0/WH0,  1965). 

Estimate  of  acceptable  daily  intakes  for  man  (calculated  as  S02) 

mg/kg  bodv-weight 


Unconditional  acceptance 
Conditional  acceptance 


0-0.35 

0.35-1.5 
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ACETIC  ACID  AND  FATTY  ACID  ESTERS  OF  GLYCEROL 


Synonyms 


Acetylated  mono-  and  diglycerides;  Acetic  acid  esters 
of  mono-  and  diglycerides;  Acetoglycerides;  Acetofats 


ruminal  description  The  product  consists  of  mixed  glycerol  esters  of  acetic 

acid  and  fatty  acids. 


Structural  formula 


ch2-or 

CH-OR' 

CH2-0R" 


Where  R,  R'  and  R' '  represents  the  fatty  acid  or  acetic 
moiety  and  R  or  R'  will  be  hydrogen  in  the  case  of  the 
mono-  or  di-esters. 

Definition  Acetylated  mono-  and  diglycerides  contain  mono-  and  some 

di-esters  of  fatty  acids  with  glycerol  which  is  itself 
partially  acetylated.  The  product  may  contain  free 
glycerol  and  free  fatty  acids. 

Description  Acetylated  nonoglycerides  vary  in  consistency  from  liquids 

to  solids  and  are  white  to  pale  yellow  in  colour.  They 
may  have  an  acetic  acid  odour. 

Uses  As  emulsifier. 


Biological  Data 


Biochemical  aspects 


The  long-chain  fatty  acids  in  triglycerides  may  be  replaced  with  one 
or  more  acetic  acid  groups  to  produce  mono-  or  diacetins  (acetoglycerides) 
which  are  resistant  to  changes  in  consistency,  heat  damage  and  oxidative  ran¬ 
cidity  (Alfin-Slater  et  al.,  1958;  Ambrose  &  Robbins,  1956b).  Lipolytic 
studies  in  rats  showed  the  presence  of  large  amounts  of  free  fatty  acids  but 
only  traces  of  free  acetic  acid  in  the  lipids  isolated  from  the  stomach  after 
feeding  acetoglycerides.  Ligation  of  the  pylorus  indicated  a  more  rapid 
absorption  of  the  acetic  acid  moiety  by  the  stomach  wall  than  of  glycerol  and 
raonoacetin  (Hertnig  at  »!.,  1956).  Absorption  of  acetoolain  or  acetostearin, 
g  van  as  20  per  cent,  of  the  diet,  was  studied  in  groups  of  10  adult  male  rats, 
cetooleins  were  better  absorbed  than  aoetostearins.  Faecal  lipid  estimations 
showed  much  greater  absorption  (i.e.  lowest  excretion,  in  rats  of  unsaturated 

acetoglycerides  (acetooleins)  than  of  saturated  acetoglycerides  (acetost  •  1 

(Ambrose  &  Robbins,  1956b).  Glycerides  (aoetostearins) 
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The  digestibility  coefficients  of  acetoglycerides  fed  as  20  per  cent,  of 
the  diet  to  rats  varied  between  94  and  99  per  cent,  depending  on  the  composition 
of  the  mixture  administered  (Ambrose  &  Robbins,  1956b).  In  another  study,  groups 
of  10  male  weanling  rats  were  fed  diets  containing  0  or  30  per  cent,  of  2  different 
acetostearins  for  20  weeks.  Tissue  cholesterol  levels  (plasma,  liver,  adrenal) 
for  the  30  per  cent,  level  were  similar  to  those  in  rats  on  a  fat-free  calorie- 
restricted  diet  (Coleman  et  al.,  1963). 

Acute  toxicity 


Animal 

Route 

LD50 

(mg/kg  body-weight) 

Reference 

Rat 

oral 

4  000 

Ambrose  &  Robbins,  1956a 

No  toxic  symptoms  were  seen  in  rats  after  single  doses  of  4000  mg/kg 
body-weight  of  acetostearin  or  acetoolein.  Daily  i.v.  injection  of  80-100  mg 
acetostearin  into  rabbits  for  15  days  caused  no  apparent  ill  effects  and 
viscera  showed  no  pathological  changes.  Acetostearin  cleared  completely 
from  the  blood  plasma  within  15-30  minutes  (Ambrose  &  Robbins,  1956a;  Alfin- 
Slater  et  al.,  1958). 

Short-term  studies 

Rat.  Groups  of  10  male  weanling  rats  received  diets  containing  25  per 
cent,  of  either  stearin,  olein,  diacetostearin  or  diacetoolein,  and  additional 
groups  received  50  per  cent,  olein  or  diacetoolein  for  8  weeks  or  15  per  cent, 
acetoolein  for  12  weeks.  There  was  no  difference  between  test  and  control 
groups  with  regard  to  body-weight  gain,  food  consumption  or  food  efficiency, 
except  for  the  groups  receiving  stearins.  Only  in  the  groups  receiving  di¬ 
acetostearin  was  the  coefficient  of  utilization  markedly  higher.  Results  of 
examination  of  blood  and  urine  were  normal  (Mattson  et  al.,  1956).  Studies 
for  7  months  on  groups  of  5  male  and  10  female  rats  using  10  per  cent,  aceto¬ 
stearin  in  the  diet  with  additional  supplements  of  Vitamin  E  showed  improved 
reproduction  performance  (as  measured  by  litter  numbers  and  pups  per  litter  in 
four  successive  matings)  compared  with  controls  or  animals  on  acetostearin 
alone  (Ambrose  et  al.,  1958b). 

Long-term  studies 

Rat.  Six  groups  of  5  weanling  male  rats  each  were  fed  diets  containing  0, 
0.25,  0.5,  1,  2  and  4  per  cent,  acetostearin,  and  another  4  groups  of  rats  were 
fed  diets  containing  0,  0.25,  0.5  and  1.0  per  cent,  acetoolein  for  57  weeks. 
Body-weight  gain,  food  intake  and  mortality  did  not  differ  from  those  of  the 
controls.  Measurement  of  relative  weights  of  major  organs  revealed  decreased 
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testicular  weights  at  all  levels  of  acetoolein  and  with  the  0.25  and  0.5  per 
cent,  levels  of  acetostearin.  Microscopic  examination  showed  no  difference  from 
controls  except  for  testicular  hypoplasia  and  suppression  of  spermatogenesis 
of  a  variable  degree  in  all  test  groups  (Ambrose  &  Robbins,  1956a). 

In  another  experiment,  3  acetostearins  and  2  acetooleins  were  fed  to  groups 
of  10  male  and  10  female  rats  each  at  0,  5,  10  and  20  per  cent,  of  their  dieo. 
Parental  generation  animals  on  20  per  cent,  acetoglyceride  were  sacrificed  after 
57  weeks,  36  weeks  and  101  weeks.  Mortality  rate  was  not  increased  at  any 
dose  level  up  to  57  weeks,  but  some  increase  occurred  in  all  test  groups  compared 
with  controls  after  86  weeks.  Body-weight  gain  was  slightly  depressed  at  the 
20  per  cent,  level.  Examination  of  major  organs  showed  consistently  reduced 
testicular  weight  at  the  20  per  cent,  level  of  all  three  acetostearins  and  at 
the  5  per  cent,  and  10  per  cent,  levels  of  two  acetostearins.  Significant 
liver  enlargement  was  also  observed  at  the  20  per  cent,  level  of  acetostearins 
but  liver  glycogen  was  unaffected.  Food  utilization  was  decreased  by  aceto¬ 
stearin  more  than  by  acetoolein  depending  on  dose.  A  variety  of  pathological 
changes  were  observed  will  individual  acetoglycerides  at  varying  dietary  levels, 
but  these  changes  were  attributed  to  imbalance  of  the  test  diet  with  respect 
to  Vitamin  E  and  essential  fatty  acids.  Fatty  tissue  changes  reminiscent  of 
sclerema  adiposum  neonatorum  (foci  of  foreign  body  reactions)  especially  near 
the  gut  were  seen  with  all  acetostearins  at  20  per  cent,  level  but  none  in  the 
other  groups  (Ambrose  et  al.,  1958a). 

Comments 

Acetoglycerides  are  readily  hydrolyzed  in  the  gastrointestinal  tract  and 
dealt  with  in  the  body  in  a  manner  similar  to  other  glycerides.  The  digesti¬ 
bility  studies  are  only  of  limited  value  since  the  inclusion  of  materials  of 
this  sort  in  an  adequate  quantity  of  lipid  fat,  occurring  naturally  in  the 
diet,  ensures  satisfactory  absorption.  Dietary  loads  of  a  food  additive  in 
excess  of  10  per  cent,  are  of  little  value  in  the  assessment  of  safety-in-use 
as  many  irrelevant  effects  may  occur,  such  as  observed  with  high-dose  levels  of 
acetostearins.  (E.g.  testicular  atrophy  due  to  an  increased  requirement  for 
Vitamin  S,  and  foreign  body  reaction  in  adipose  tissue  due  to  overloading  with 
saturated  fatty  acids.)  3uch  effects  are  very  likely  to  be  irrelevant  con¬ 
sidering  the  levels  of  use  of  these  compounds.  Evaluation  is  based  on  the 

biochemical  and  metabolic  studies  because  the  breakdown  products  are  normal 
dietary  constituents. 


Evaluati on 

Estimate  of  acceptable  ,ianv  intake  _ 
3ee  mixed  tartaric  and  acetic  and  fatty 


acid  esters  of  glycerol  (p.  96) 
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HYDROXYPROPYL  METHYLCELLULOSE 


Chemical  names 
Chemical  formula 


Propylene  glycol  ether  of  methylcellulose 

[z  6h7o2  (oh  )  z  (och3  )  x  (och2chohch3)^ 

.  >  — J 

Where  x  :  1.12-2.03  )  .  decrees  of  substitution 

y  :  0.07-0.34  )  '  B 

z  :  3-(x+y) 


Structural  formula 


Molecular  weight 


Definition 


Description 


Lises 


Unsubstituted  structural  unit 

Structural  unit  with  1.19  degree 
of  substitution 

Structural  unit  with  2.37  degree 
of  substitution 

Low  polymers  (n  about  70) 

High  polymers  (n  about  1000) 


:  162.14 

:  approx.  180 

:  approx.  210 

t  approx.  13  000 

:  approx.  208  000 


Hydroxypropyl  methylcellulose  is  a  methylcellulose 
modified  with  a  small  amount  of  propylene  glycol  ether 
groups  attached  to  the  anhydroglucose  of  the  cellulose. 
The  dry  product  contains  19  per  cent,  to  30  per  cent, 
of  methoxyl  (-OCH^  groups  and  3  per  cent,  to  12  per 
cent,  of  hydroxypropyl  (-0CH2CH0HCH3)  groups. 


Hydroxylpropyl  methylcellulose  is  a  white  fibrous  powder 
or  as  granules  (1,2). 


As  a  thickening  agent  or  stabilizer. 


rtioiofrical  Data 

Biochemical  aspects 

Twenty-five  young  human  adults  ingested  doses  ranging  from  0.6  to  6.9  g 
of  type  B  on  three  separate  oceasions.  Only  a  „nd  laxative  or  con3tipaU„f 
effec  was  noted  in  several  cases.  About  97  per  cent.  „f  th.  d  detorBlr 

as  "ethoxy  groups,  was  recovered  from  faeces  (Knight  et  .1.,  1952) 
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Acute  toxicity  of  type  B 


Animal 

Route 

LD50 

References 

(mg/kg  body-weight) 

Mouse 

i.p. 

5  000 

Hodge  et  al.,  1950 

Rat 

i.p. 

5  000 

Hodge  et  al.,  1950 

Short-term  studies 

Rat.  Groups  of  10  male  and  10  female  weanling  rats  were  fed  diets 
containing  0,  2,  10  and  25  per  cent,  type  B  for  30  days.  Only  in  the  highest 
dose  were  interference  with  body-weight  gain  and  diarrhoea  observed.  There 
were  no  histological  lesions  nor  were  there  abnormal  findings  in  urine  and 
blood  (Hodge  et  al.,  1950). 

Groups  of  10  male  and  10  female  young  rats  were  fed  0,  1,  3*  10  and  30 
per  cent,  of  type  A  for  121  days.  Body-weight  gain  was  markedly  retarded 
at  the  30  per  cent,  level,  with  50  per  cent,  mortality  attributed  to  under- 
nutrition.  Only  the  male  rats  showed  slight  body-weight  gain  retardation 
at  the  10  per  cent,  dietary  level,  white  the  weight-gain  Was  normal  at  the 
lower  levels.  Histological  examination  of  internal  organs  revealed  no 
abnormalities  in  any  of  the  5  groups  (McCollister  &  Oyen,  1954) . 

Groups  of  10  male  and  10  female  young  rats  were  fed  diets  containing 
0,  0.3,  1,  10  and  20  per  cent,  of  type  C.  for  90  days.  At  the  20  per  cent, 
level  both  sexes  showed  marked  retardation  of  body-weight  gain,  with  30  per 
cent,  mortality.  At  the  10  per  cent,  level  male  rats  only  showed  slight 
but  significant  weight  gain  retardation.  At  the  lower  levels  there  were 
no  adverse  effects.  The  microscopic  appearance  of  tissues  was  normal  at 
all  levels  (McCollister  et  al.,  1961). 

Groups  of  10  male  and  10  female  young  rats  were  fed  0,  0.3,  1,  3,  10 
and  20  per  cent,  of  type  D  for  84  days.  No  adverse  effects  were  noted  with 
female  rats  at  all  levels.  Male  rats  showed  a  definite  retardation  of  body- 
weight  gain  at  20  per  cent,  level  and  a  slight  retardation  at  10  per  cent. 

Organ  weights  and  gross  and  microscopic  examination  revealed  no  adverse  effects 
(McCollister  et  al.,  1961). 

Rabbit.  Groups  of  6  rabbits  were  fed  diets  containing  0,  10  and  25  per 
cent,  type  B  for  30  days.  The  group  on  the  highest  dose  maintained,  but  did 
not  increase,  their  body-weight.  Normal  results  were  obtained  from  urine  and 
blood  analyses,  comparison  of  organ  weights  and  histological  examination 
(Hodge  et  al.,  1950)* 
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jog.  Groups  of  2  dogs  wer.  f.d  for  one  jeer  0.1,  0.3,  1.0  and  3.0  g/kg 
body-weight  dally  of  type  B  without  effect  on  body  and  organ  weights,  urine, 
blood  and  microscopic  appearance  of  Internal  organs.  One  dog  fed  25  gAg 
body-weight  daily  for  30  days  suffered  no  ill  effects.  Another  dog  fed  50 
g/kg  body-weight  daily  for  30  days  exhibited  some  diarrhoea,  slight  weight 
loss  and  slight  deprassion  of  red  blood  cell  count  without  any  histological 
changes  (Hodge  et  al.,  1950/. 

Long-term  studies 

Rat.  Groups  of  50  male  and  50  female  rats  were  fed  for  2  years  on 
diets  containing  0,  1,  5  and  20  per  cent,  of  type  B.  There  was  a  slight 
retardation  of  body-weight  gain  in  the  male  group  at  the  highest  dose. 
Mortality  ranged  from  60-84  per  cent,  with  no  significant  difference  between 
the  groups.  Tumour  incidence  was  the  same  in  the  experimental  groups  as  in 
controls  (Hodge  et  al.,  1950). 

Comments 

No  significant  amounts  appear  to  be  absorbed  from  the  digestive  tract 
in  man.  There  are  no  acute  oral  toxicity  data,  and  only  one  long-term  study 
has  been  done  on  one  particular  type.  Short-term  studies  have  been  done 
with  four  slightly  different  types,  but  gave  consistent  results. 

Evaluation 

Level  causing  no  toxicological  effect 

Rat.  50  000  ppm  in  the  diet,  equivalent  to  2500  mg/kg  body-weight/day. 
Estimate  of  acceptable  dai1’."  Intake  for  man 

mp/kg  body-weight 

Unconditional  acceptance  0-30^ 

Conditional  acceptance  :  Higher  levels  may  be  used  for 

dietetic  or  calorie  control  purposes 


As  sum  of  total  cellulose  derivatives. 
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METHYLETHYLCELLULOSE 


Synonym 
Chemical  name 
Molecular  formula 


MEG 


Methyl  ethyl  ethers  of  cellulose 

^6ll702(0H)x(0CH3)Jr(0C2H  jJn 


Structural  formula 


Molecular  weight 


Definition 


Descrioi  ion 


Uses 


where  R  =  H  or  CH^  or  C0H^ 

Unsubstituted  structural  unit  :  162.14 

Structural  unit  with  a  total  degree 

of  substitution  of  0.77  :  181 

Structural  unit  with  a  total  degree 

of  substitution  of  1.2  :  190 

Low  polymers  (n  about  200)  :  40  000 

High  polymers  (data  to  be  supplied  by  the  manufacturer) 

Methylethylcellulose  contains  between  3.5  and  6.5  per 
cent,  of  methoxyl  groups  and  14.5  and  19.0  per  cent, 
ethoxyl  groups.  Alkoxyl  content  expressed  as  methoxyl 
is  13.2  to  19.6  per  cent. 

Methylethylcellulose  is  hygroscopic ,  slightly  yellowish, 
odourless  and  tasteless  fibre  or  powder. 

As  thickening  agent,  stabilizer  and  foaming  a-ent. 


Biological  Data 


Biochemical  -l.cy.ct.s 


A  variety  of  water  soluble  cellulose  derivatives,  collectively  known 
as  cellulose  ethers,  have  been  used  for  many  years  in  food  technology.  Some 
members,  i.e.  methyl  cellulose  and  sodium  earboxymethylcellulose,  have  been 
evaluated  previously  (PA0/UH0,  1964).  Methylethylcellulos.  is  similarly  regards, 
as  iwtabolicnily  inert  and  is  not  absorbed  from  the  gastrointestinal  tract  of 
mammals  and  man. 
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After  feeding  a  single  dose  of  0.6  g  of  methylethylcellulose  in  the. 
diet  of  rats  some  90  per  cent,  of  the  dose  was  recovered  from  the  faeces  by 
the  end  of  the  fourth  day.  Nearly  all  alkoxyl  groups  remained  attached  to 
the  cellulose  chain  during  passage  through  the  gut  (Gage,  1962). 

Acute  toxicity 

No  data  are  available  but  from  short-term  tests  it  can  be  inferred 
that  3  g  daily  in  the  diet  had  no  effect  in  rats  (imperial  Chemical  Industries, 
1966) . 

Long-term  studies 

Mouse.  Groups  of  50  male  and  50  female  mice  were  fed  0,  0.1  and  1  per 
cent,  of  methylethylcellulose  for  2  years.  Body-weight  was  slightly  reduced 
in  both  sexes  at  the  1  per  cent,  level  in  the  latter  part  of  the  test  period. 
There  was  no  difference  between  the  groups  in  survival,  tumour  incidence,  blood 
picture  and  gross  and  microscopic  appearance  of  internal  organs  (Imperial 
Chemical  Industries,  1966). 

Rat.  Groups  of  50  male  and  50  female  rats  were  fed  0,  0.1  and  1  per 
cent,  of  methylethylcellulose  for  2  years.  Body-weight  was  reduced  in  males 
at  the  1  per  cent,  level  in  the  latter  part  of  the  test  period.  There  was 
no  difference  between  the  groups  in  survival,  tumour  incidence,  blood  picture 
and  gross  and  microscopic  appearance  of  internal  organs  (Imperial  Chemical 
Industries,  1966) . 

Comments 

In  view  of  the  metabolic  inertness  and  non-absorbability  of  this  compound, 
evaluation  is  based  on  data  provided  for  other  members  in  addition  to  those 
referable  to  methylethylcellulose  alone. 

Evaluation 

Level  causing  no  toxicological  effect 

Rat.  10  000  ppm  in  the  diet,  equivalent  to  500  mg/kg  body-weight/day 
Estimate  of  acceptable  daily  Intakes  for  man 

mg/kg  body-weight 

Unconditional  acceptance  0-30^ 

Conditional  acceptance  :  Higher  levels  may  be  used  for 

dietetic  or  calorie  control  purposes 


1 


As  sum  of  total  cellulose  derivatives. 
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Synonyms 
Chemical  name 
Chemical  formula 

Structural  formula 


Molecular  weight 

Definition 


Description 

Uses 


SODIUM  CARBOXYMETHYLCELLULOSE 

Sodium  cellulose  glycolate;  Na-CMC;  CMC 
Sodium  salt  of  a  carboxymethyl  ether  of  cellulose. 
^/C6H702(0H)x(0CH2C00Na)^ 

where  x  =  2.00-2.40 
y  =  1.00-0.60 
x  +  y  =  3.00 


where  R  =  H  or  CH^OONa 

Unsubstituted  structural  unit  :  162.14 

Monosubstituted  structural  unit  s  242.16 

Macromolecules  :  from  about  21  000  (n  about  100) 

up  to  500  000  (n  about  2000) 

Sodium  carboxymethylcellulose  is  the  sodium  salt  of  a 
carboxymethyl  ether  of  cellulose,  where  the  substitu¬ 
tion  degree  ranges  from  0.20  to  1.00.  After  drying 
at  110°  to  constant  weight  it  contains  not  less  than 
99.5  per  cent,  of  sodium  carboxymethylcellulose. 

Sodium  carboxymethylcellulose  is  a  white  or  a  slightly 
yellowish,  almost  odourless  and  tasteless  hygroscopic 
powder,  consisting  of  very  fine  particles,  fine  granule* 
or  fine  fibres. 

Thickener,  binder,  emulsifier,  stabilizer  and  colloidal 
suspending  agent  in  salad  dressing,  fruit  pie  fillings,, 
baked  goods,  dietetic  foods  and  many  others. 
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Biolorical  Data 

This  additive  was  evaluated  by  the  Joint  FAO/WHO  Expert  Committee  on 
Food  Additives  in  its  Seventh  Report  (FAO/WHO,  1964).  Since  its  publication 
some  new  experimental  work  has  been  carried  out  on  these  compounds, 
other  work  not  included  in  the  Seventh  Report  is  presented  and  discussed  in 
this  monograph. 

Long-term  studies 

Mouse.  Groups  of  50  male  and  50  female  mice  were  maintained  for  up 
to  100  weeks  on  ad  lib,  diets  containing  0,  0.1  and  1  per  cent,  of  sodium 
carboxymethylcellulose.  There  was  no  apparent  difference  in  mortality  and 
tumour  incidence  between  the  groups  (Imperial  Chemical  Industries,  1966'. 

Rat.  Groups  of  50  male  and  50  female  rale  were  maintained  for  up  to 
2  years  on  ad  lib,  diets  containing  0,  0.1  and  1  per  cent,  of  sodium  carboxy¬ 
methylcellulose.  I.'o  difference  in  mortality  and  tumour  incidence  was  apparent 
between  the  groups  (imperial  Chemical  Industries,  1966). 

Comments 

The  additional  information  supports  the  previous  evaluation  of  sodium 
carboxymethylcellulose . 

Evaluation 

Lavel  causing  no  toxicological  affaat. 

Mouse.  10  000  ppm  in  the  diet,  equivalent  to  1500  mg/kg  body-weir  ht/day 

Hat.  10  000  ppm  in  the  diet,  equivalent  to  500  mg/kg  body-weight/day 

estimate  of  acceptable  daily  intake  for  m*n 

ng/kg  body- we  i  .-h  * 

Unconditional  acceptance  0-30^ 

Conditional  acceptance:  Hieher  ievela  may  be  used  for  dietetic 

or.  calorie  control  purposes 

REFERENCE 
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As  sum  of  total  cellulose  derivatives 
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Chemical  name 
Empirical  formula 

Structural  formula 


Molecular  weight 

Definition 

Description 

Uses 

Chemical  name 
Empirical  formula 


CHOLIC  ACID 


3,7,12-trihydroxycholanic  acid 


C24H40°5 


408.58 

Cholic  acid  after  drying  contains  not  less  than  98  per 
cent.  C24H4005. 

Colourless  plates  or  a  white,  crystalline  powder  having 
a  bitter  taste  with  a  sweetish  after- taste. 

As  a  foam  stabilizer. 

Biological  Data 
(See  Desoxycholic  Acid) 


DESOXYCHOLIC  ACID 


3,12-dihydroxycholanic  acid 


C24H40°4 
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structural  formula 


CH, 

I  3 

OH  CH-CHo-CHo-C00H 


Molecular  weight 

Definition 


Description 

Uses 


392.56 


Desoxycholic  acid  after  drying  contains  nr !  less 
98  per  cent,  and  not  more  than  the  equivalent  of 
cent.  C24H4004. 


than 
102  per 


White,  crystalline  powder 
As  foam  stabilizer 


Biological  Data 

Biochemical  aspects 

These  bile  acids  and  their  salts  are  found  as  natural  constituents  of 
the  bile.  The  nucleus  of  the  bile  acids  is  closely  related  to  cholesterol, 
from  which  they  are  formed  in  the  liver,  and  this  conversion  depends  on  their 
relative  concentrations.  Between  90  and  95  per  cent,  of  bile  acids  are  re¬ 
absorbed,  mainly  from  the  lower  half  of  the  small  intestine,  and  undergo 
enterohepatic  circulation;  small  quantities  occur  in  the  stools  and  very 
little  is  normally  excreted  in  the  urine.  Bile  salts  affect  the  absorption 
of  fats,  fat-soluble  vitamins,  and  various  ions.  In  normal  individuals, 
additional  administration  of  moderate  quantities  of  bile  acids  or  salts  by  mouth 
has  no  demonstrable  effect,  since  there  are  enough  bile  salts  present  in  the 
intestinal  lumen  to  carry  out  all  the  absorptive  functions.  If  there  is  a 

deficiency  of  bile  salts,  administration  may  be  beneficial.  Bile  salts  stimu¬ 

late  excretion  of  bile  and  hence  tend  to  hasten  their  own  elimination.  Bile 
salts  may  also  cause  some  stimulation  of  intestinal  movement. 

The  daily  output  from  a  fistula  in  man  ranged  from  1-2.3  g  daily;  when 
stimulated  by  bile,  the  daily  output  was  increased  fourfold  (Josephson,  1941). 
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Acute  toxicity 


Animal 

Route 

LD50 

(mg/kg  body-weight) 

References 

CHOLIC  ACID 

Rabbit 

i.v. 

50  (Na  salt) 

Gillert,  1926 

DESOXYCHOLIC  ACID 

Rabbit 

i.v. 

15  (Na  salt) 

Gillert,  1926 

In  general,  bile  acids  and  salts  have  only  a  minor  toxic  potential  when 
given  by  mouth.  In  large  doses,  they  are  likely  to  have  the  same  effects 
as  saponins;  the  main  action  is  likely  to  be  irritation  of  mucous  membranes 
‘Parenterally  they  are  much  more  toxic  and  may  cause  haemolysis,  a  digitalis¬ 
like  action  on  the  heart  ar.d  effects  on  the  central  nervous  system.  Toxic 
effects  that  may  be  attributable  to  accumulation  of  bile  acids  or  salts  are 
also  seen  in  obstructive  jaundice,  since  they  disappear  if  cholestyramine, 
which  adsorbs  bile  acids  in  tfie  intestinal  lumen  and  prevents  their  reabsorp 
tion,  is  administered  (van  Itallie  et  al.,  1961). 

Short-term  studies 

Man.  Two  grams  of  ox  bile  salts  were  administered  daily  to  a  child 
of  5  years  who  had  a  congenital  deficiency  of  bile  salts,  for  a  period  of 
11  months,  with  consequent  improvement  in  fat  absorption  and  no  evidence  of 
ill  effects  (Ross  et  al.,  1955). 

Comments 

No  long-term  animal  studies  are  reported.  They  are  not  necessary, 
since  every  healthy  person  circulates  about  1  g  of  bile  salts  or  more  daily 
throughout  life.  Adequate  specifications  are  needed  to  elnsure  that  the 
substances  used  closely  conform  to  the  naturally  occurring  bile  salts. 

Evaluation 

Because  of  their  bitter  taste,  bile  acids  and  their  salts  tend  to  be 
limited  in  use. 

A  5  per  cent,  variation  in  the  daily  output  of  bile  is  equivalent  to 
75  mg  bile  salts  daily  (equivalent  to  1.25  mg/kg  body-weight/day) .  This 
amount  is  unlikely  to  affect  the  normal  equilibrium  of  bile  acid  metabolism. 
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Estimate  of  acceptable  daily  intake  for  man 

mg/kg  body-we 


Unconditional  acceptance 


0-1.25 
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CITRIC  ACID  AND  FATTY  ACID  ESTERS  OF  GLYCEROL 


Synonyms 


Citrated  mono-  and  diglycerides;  Citric  acid  esters 
of  mono-  and  diglycerides 

Citrated  mono-  and  diglycerides  are  formed  by  esterifying 
the  hydroxyl  groups  of  mono-  and  diglycerides. 


Definition 


Uses 


As  emulsifier. 


Biological  Data 


Biochemical  aspects 

In  vitro  hydrolysis  by  pancreatic  lipase  and  liver  esterase  produced  nearly 
the  same  yield  of  citric  acid  in  the  same  2-hour  period  as  spontaneous  hydrolysis 
at  pH  7. 5-8. 5  (Lang,  1964).  The  existence  of  a  true  citric  acid  ester  bond  in 
this  compound  has  been  questioned  (Schade,  1963). 

The  digestibility  of  this  compound  was  compared  with  a  physical  mixture  of 
its  constituents  and  with  lard  in  groups  of  20  male  and  female  rats  on  a  calorie- 
restricted  basal  diet,  for  10  days.  The  dietary  levels  of  the  ester  and  mixture 
were  23.1  and  37.5  per  cent.;  and  of  lard,  16.7  and  35.5  per  cent.  These  were 
calculated  to  give  isocaloric  diets  at  2  levels  of  caloric  supplementation  above 
the  control  level.  Faecal  fat  estimation  and  body  fa-ty  acid  distribution  showed 
that  the  ester  was  completely  digestible,  although  the  absorption  of  the  ester  or 
its  component  mixture  was  about  50  per  cent,  that  of  lard  (Huntingdon,  1966). 

In  2  groups  of  5  male  and  5  female  weanling  rats  fed  diets  containing 
0  and  20  per  cent,  of  ester  for  7  days,  food  intake  and  body-weight  maintenance 
were  the  same  in  both  groups,  and  the  digestibility  of  the  ester  was  calculated 
to  be  99  per  cent.  (Rosner,  1959). 

Acute  toxicity 

No  data  are  available. 

Short-term  studies 

In  the  10-day  study  quoted  above  (under  Biochemical  aspects),  gross  and 
microscopic  examination  of  major  organs  of  the  test  animals  revealed  only 
dystrophic  lower-nephron  calcification  in  animals  receiving  the  highest  levels 
of  the  ester  or  the  component  mixture.  No  effect  was  seen  at  the  23.1  per 
cent  levels  (Huntingdon,  1966). 


I.ong-T.erm  studies 

No  data  are  available. 
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Comments 

This  substance  is  hydrolysed  completely  in  the  intestinal  tract  into 
components  which  are  normal  constituents  of  the  diet.  Evaluation  is  base 
on  knowledge  of  the  metabolic  fate  and  lack  of  toxicity  of  the  constituent 
citric  acid  and  fatty  acid  esters  of  glycerol. 

Bvaluation 

Estimate  of  acceptable  daily  intake  for  man 

See  mixed  tartaric  and  acetic  and  fatty  acid  esters  of  glycerol  (p.  96) 
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DIACETYLTARTARIC  ACID  AND  FATTY  ACID  ESTERS  OF  GLYCEROL 

Synonyms  Diacetyl  tartaric  acid  esters  of  mono-  and  diglycerides; 

Tartaric  acid  esters,  diacetylated,  of  mono-  and  diglyceride 

Chemical  description  This  product  consists  of  mixed  glycerol  esters  of  fatty  acie 

and  diacetyl  tartaric  acid. 

Structural  formula  Major  components  are: 

I.  ch2-or 

JH-OCO-CH ( OCO-CH^ ) -CH ( 0C0-CH3 ) -C00H 

ch2-oco-ch ( oco-ch3 ) -CH ( oco-ch3 ) -C00H 

II.  CH_-0R  '  ' 

I  2 
CH-OR 

ch2-oco-ch (oco-ch3 ) -CH (oco-ch3 ) -C00H 

III.  CH~-0R 
I  2 

CH-OCO-CH ( 0C0-CH3 ) -CH ( 0C0-CH3 ) -C00H 

ch2-or 


where  R  represents  various  saturated  and  unsaturated 
fatty  acid  moiety  or  hydrogen  in  II  or  III. 

The  product  consists  of  esters  made  by  the  interaction  of 
diacetyl  tartaric  anhydride  with  monoglycerides,  or  with 
mono-diglyceride  mixture  made  from  edible  oils,  fats  or 
fatty  acids  therefrom.  The  material  appearing  in  com¬ 
merce  often  consists  of  mixtures  of  the  product  described 
above  with  mono-  and  diglycerides. 

The  esters  range  in  appearance  from  sticky,  viscous  liquids 
through  a  fat-like  consistency  to  yellow  waxes  which  hydro¬ 
lyze  in  moist  air  to  liberate  acetic  acid. 


Definition 


Description 


Use; 


As  emulsifier. 
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Biological  Data 

Rioohemical  aspects 

Six  male  rats  were  fed  0.53-0.81  gAg  body-weight  UC-acetyl tartaric, 
acid  ester  of  mono-  and  diglycerides  (labelled  in  the  two  carboxyl  groups  of 
tartaric  acid)  as  an  oily  solution.  Within  24  hours  only  26-31  per  cent,  of 
the  radioactivity  was  absorbed.  Twelve  to  twenty  per  cent,  of  the  radioactivi  y 
was  eliminated  as  14C02  and  8-13  per  cent,  was  excreted  in  the  urine;  2  per 
cent,  was  found  in  the  carcass  (Lang  &  Schmidt,  1965).  The  analysis  of  the 
depot  fat  of  dogs  fed  up  to  20  per  cent,  of  the  substance  for  22  months  showed 
no  traces  of  either  free  or  a  fat  soluble  derivative  of  tartaric  acid  (Koppanyi 
&  Dardin,  1950).  The  digestibility  coefficient  was  over  90  per  cent,  of  the 
substance  or  about  the  same  as  that  of  lard  (Koppanyi  &  Dardin,  1950).  In  an 
aqueous  medium  diacetyl  tartaric  ester  of  mono-  and  diglycerides  was  hydrolyzed 
spontaneously  to  mono-  and  diglycerides  and  acetylated  tartaric  acid,  the 
hydrolysis  being  somewhat  accelerated  by  pancreatic  lipase  (Lang  &  Schmidt, 

1965).  There  was  some  evidence  that  diacetyl tartaric  acid  wa3  also  hydrolyzed 
in  the  body  (Sourkes  &  Koppanyi,  1950). 

Acute  toxicity 

No  acute  toxic  effects  at  a  practicable  dose  level  have  been  demonstrated. 
Rats  and  rabbits  tolerated  intragastric  doses  of  30  gAg  body-weight  and  dogs 
27  gAg  body-weight  without  any  adverse  effects.  No  diarrhoea  was  noted  and 
autopsied  animals  showed  no  pathological  changes.  Histological  examination  of 
liver  and  kidneys  of  animals  killed  10  days  after  the  administration  of  the 
substance  showed  no  abnormalities  (Koppanyi  &  Dardin,  1950). 

Short-term  studies 

Dog.  Thirteen  dogs  each  received  daily  i.v.  injections  of  0.5  per  cent, 
suspensions  of  the  substance  in  isotonic  glucose  at  a  dose  rate  of  40-50  mlAg 
body-weight  for  a  total  of  up  to  30  infusions.  A  fall  in  haemoglobin  concentra¬ 
tion  occurred  in  11  dogs  and  a  pleural  effusion  in  6.  Groups  of  2  three-year 
old  dogs  were  fed  diets  containing  0,  5,  10  and  20  per  cent,  of  diacetyl  tartaric 
esters  of  mono-  and  diglycerides  for  25-1/2  months.  No  specific  effects  attri¬ 
butable  to  the  test  substance  were  seen  (Hartwig  et  al.,  1962). 

Lonr-term  studies 

Rat.  Groups  of  8  rats  were  fed  0,  5,  10  and  20  per  cent,  diacetyl  tartaric 
esters  of  mono-  and  diglycerides,  another  2  groups  were  fed  50  per  cent,  white 
bread  (bread  control  group)  and  50  per  cent,  bread  which  was  baked  with  the 
addition  of  10  per  cent,  of  the  emulsifier  in  terns  of  flour  weight  (bread  Ust 
group)  for  two  years.  No  difference  was  found  between  the  groups  regarding 
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body-weight,  external  appearance,  liver  and  kidney  weights  and  mortality  rate. 
Autopsies  and  histological  examination  of  the  major  organs  showed  no  changes 
attributable  to  the  test  substance.  A  second  generation  was  maintained  on 
similar  regimes  for  22  months.  There  was  no  difference  between  the  groups 
regarding  body-weight,  mortality  and  results  of  gross  and  histological  examina¬ 
tion.  All  litters  were  normal  (Koppanyi  &  Dardin,  1950). 

Comments 

Di acetyl tartaric  acid  is  not  a  natural  consistuent  of  the  diet,  and  its  rate 
of  spontaneous  hydrolysis  possibly  allows  the  absorption  of  some  unhydrolyzed 
compound.  The  experimental  results  show  that  the  ester  has  a  very  low  toxicity 
when  given  orally  and  that  the  acetylated  tartaric  acid  moiety  is  absorbed  only 
to  a  small  extent.  Evaluation  is  based  on  the  available  toxicological  information 
rather  than  the  results  of  the  biochemical  and  metabolic  studies. 

Evaluation 

Level  causing  no  toxicological  effect 

Rat.  100  000  ppm  in  the  diet,  equivalent  to  5000  mg/kg  body-weight/day. 
Estimate  of  acceptable  daily  intakes  for  man 

mg/kg  body-weight 

Unconditional  acceptance'*’  0-25 

Conditional  acceptance  25-50 
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1  The  total  food  additive  intake  of  tartaric  acid  should  not  exceed 
6-20  mg/kg  body-weight/day  (FA0/WH0,1965) . 
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LACTIC  ACID  AND  FATTY  ACID  ESTERS  OF  GLYCEROL 


Synonyms 


Lactated  mono-  and  diglycerides;  Lactic  acid  esters 
of  mono-  and  diglycerides 


Chemical  description  The  product  consists  of  mixed  glycerol  esters  of  lactic 

acid  and  fatty  acids. 

Structural  formula  A  major  component  is: 

CH--OR 

I  2 

CH-OR’ 

I 

CH2-0R" 


Where  at  least  one  of  R,  R'  or  R' '  represent  the  lactic 
acid  moiety,  the  remainder  may  represent  the  fatty  acid 
moiety  or  hydrogen. 

Description  Lactated  mono-  and  diglycerides  are  waxy  solids  of 

variable  consistency. 

Uses  As  emulsifier. 


Biological  Data 

Biochemical  aspects 

Lactoglycerides  consist  of  various  esters;  in  commercial  products  the 
glycerol  lactopalmitate  and  stearate  are  the  predominant  components.  Almost 
all  toxicological  work  has  been  carried  out  on  glycerol  lactopalmitate  (GLP) . 

Study  of  glycerol  lactopalmitate  (GLP)  hydrolysis  in  the  presence  of  hog 
pancreatic  lipase  revealed  rapid  disruption  of  the  ester  linkage,  yielding 

glycerol,  lactic  acid  and  palmitic  acid  as  sole  reaction  products  (Treon  et 
al.,  1962). 


In  another  study,  no  deleterious  effect  was  shown  by  additional  GLP  or 
the  theoretical  intermediate  compound  glycerol  monolactote  on  the  in  vitro 
hydrolysis  of  olive  oil  by  lipase.  Hydrolysis,  in  fact,  proceeded  more 
rapidly  as  shown  by  enhanced  liberation  of  carboxylic  acid.  On  the  other 
hand,  glycerol  monolactate  hydrolysed  spontaneously  and  rapidly  without 
enzyme  intervention  (McKennis  et  al.,  19*)3) . 


G-labelled  GIP  (at  the  lactate-M  site)  was  fed  to  dogs  bv  intuba, 
tion  and  the  appearance  of  labelled  lactic  acid  in  thoracic  duct  lymrh 

3tudled-  K»r™l  “ere  found  and  the  presence  of  tactete- 


,14 
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in  these  fluids  showed  digestion  and  absorption  of  GLP  to  have  occurred. 

The  lactate-2-C^  disappeared  rapidly  from  lymph  and  blood.  ^C-labelled 
GLP  (at  the  glycerol-1, 3-C  sites)  was  metabolized  by  rats  to  the  same  extent 
as  glycerol-1, 3-C"^  as  shown  by  the  amount  of  found  in  expired  air. 

GLP  was  metabolized  by  the  dog  similarly  to  the  rat,  some  50  per  cent,  of  the 
administered  dose  appearing  as  expired  over  48  hours  (McKennis  et  al., 

1958). 

Acute  toxicity 

Two  groups  of  6  male  rats  each  were  given  GLP  suspended  in  water  by 
intubation  in  doses  of  8.65  g  and  5.75  g/kg  body-weight  respectively.  All 
animals  survived  without  systemic  effects  other  than  those  attributable  to 
mechanical  distension.  Gross  appearance  of  major  organs  was  found  to  be 
normal  after  14  days  (Gongwer,  1959). 

Short-term  studies 

Rat.  A  number  of  experiments  using  small  numbers  of  animals  were  done 
and  revealed  no  toxic  effects  (Kaunitz,  1958). 

Long-term  studies 

Rat.  A  number  of  experiments  using  small  numbers  of  animals  were  done 
and  revealed  no  toxic  effects  (Fye  &  Katz,  1953). 

Comments 

The  metabolic  studies  indicate  that  the  lactic  acid  and  fatty  acid  esters 
of  glycerol  are  completely  hydrolysed  in  the  gastrointestinal  tract  to  lactic 
acid,  glycerol  and  fatty  acids.  The  evidence  with  labelled  lactic  acid  shows 
that  the  metabolism  of  bound  lactic  acid  in  the  rat  is  not  significantly  differs 
from  that  of  free  lactic  acid. 

Evaluation  is  based  on  the  biochemical  and  metabolic  studies.  The  use 
of  this  additive  is  limited  by  the  content  of  D(-)-lactic  acid,  for  which  an 
acceptable  daily  intake  has  been  established  (FA0/WH0,  1966). 

Evaluation 

Estimate  of  acceptable  daily  intake  for  man 


See  mixed  tartaric  and  acetic  and  fatty  acid  esters  of  glycerol,  p. 96. 
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MIXED  TARTARIC  ACID  AND  ACETIC  ACID  AND  FATTY 
ACID  ESTERS  OF  GLYCEROL 

TARTARIC  ACID  AND  FATTY  ACID  ESTERS  OF  GLYCEROL 

Synonyms  Tartrated  mono-  and  diglycerides;  Tartaric  acid 

esters  of  mono-  and  diglycerides 

Definition  Tartaric  acid  and  fatty  acid  esters  of  glycerol  are 

formed  by  esterifying  the  hydroxyl  groups  of  fatty 
acid  esters  of  glycerol  with  tartaric  acid. 

Use3  As  emulsifier 

ACETIC  ACID  AND  FATTY  ACID  ESTERS  OF  GLYCEROL  (See  p.  71) 

Biological  Data 

Biochemical  aspects 

In  an  aqueous  medium  the  substance  is  spontaneously  hydrolyzed  into  free 
tartaric  acid  and  glycerol  esters  of  acetic  and  fatty  acids  (Kieckebusch  et  al., 
1967) . 

Acute  toxicity 


Animal 

Route 

ID 

50 

(mg/kg  body-weight) 

References 

Mouse 

oral 

20  000 

Kieckebusch  et  al., 

1967 

The  figure  given  is  for  a  commercial  product,  consisting  of  16  per  cent, 
of  the  ester,  44  per  cent,  fat,  20  per  cent,  glucose  and  20  per  cent,  sucrose. 

Short-term  studies 

No  data  are  available. 

Long-term  studies 

Rat.  Fifteen  male  and  15  female  rats  were  fed  the  ester  at  a  level  of 
0.8  per  cent,  for  24  months.  No  significant  difference  was  found  between  the 
test  animals  and  controls  regarding  body-weight,  food  consumption,  reproduction, 
external  appearance  and  mortality  rate.  The  histological  examination  of  the 
main  organs  showed  no  differences  attributable  to  the  substance  administered 
(Mosinger,  1965). 
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Groups  of  20  male  and  20  female  rats  were  fed  the  16  per  cent,  ester 
product  at  dose  levels  of  C,  100  and  400  mg/kg  body-weight/day  for  26  months. 

No  significant  differences  were  found  between  the  groups  regarding  body-weight, 
food  consumption,  food  efficiency,  reproduction,  external  appearance  a-.d  mor¬ 
tality  rate.  The  histologies’  examination  of  the  main  organs  showed  r.o 
differences  attributable  to  the  test  substance  (Kieckebusch  et  al . ,  1967). 

Comments 

The  experimental  studies  showed  no  evidence  of  any  toxic  effects  from 
administration  of  these  esters.  Furthermore,  this  additive  is  hydrolyzed 
either  in  the  food  or  in  the  intestinal  tract  to  normal  dietary  constituents. 
Evaluation  is  based  on  the  content  of  tartaric  acid  (FAO/WIIO,  1965a;  1965b). 

Evaluation 

Estimate  of  acceptable  daily  intake  for  man 

# 

mg/k p  bodv-weicht 

Unconditional  acceptance  0-100 

* 

As  sum  of  total  glycerol  esters  of  fatty  acids  and  acetic,  citric,  lactic 
and  tartaric  acids,  provided  that  the  total  food  additive  intake  of  the  following 
acids  does  not  exceed,  for 

DL-Lactic  acid 

Conditional  acceptance  0-100^ 

Tartaric  acid 

2 

Unconditional  acceptance  0-6 

2 

Conditional  acceptance  6-20 

REFERENCES 
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Refers  to  content  of  D(-)-Lactic  acid. 

Does  not  include  the  amounts  occurring  naturally. 
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POLYGLYCEROL  ESTERS  OF  FATTY  ACIDS 


Synonyms  Polyglycerol  fatty  acid  esters;  Glyceran  fatty  acid 

esters 

Chemical  description  Mixtures  of  polyglycerol  esters  of  fatty  acids  of  food 

fats. 


Structural  formula 


OR 

R- ( 0CH„-CH-CH„0 )  -R 
<.  2  n 


Where  the  average  value  of  n  is  no  more  than  3  and  R  is 
partly  a  fatty  acid  moiety  or  partly  hydrogen  radical. 

Definition  Polyglycerol  esters  of  fatty  acids  are  mixtures  of  the 

esters  of  these  fatty  acids  with  the  polyglycerol  mixture. 
The  commercial  products  will  contain  mono-  and  diglycerides 
when  fats  are  used  for  transesterification  with  polyglycerol 
mixtures. 


Description  Oleaginous  substances,  of  a  consistency  depending  on  the 

fatty  acids. 

4 

Uses  As  emulsifiers. 

Biological  Data 

Biochemical  aspects 

The  polyglycerol  esters  of  fatty  acids  include  a  large  group  of  closely 
related  compounds  of  complex  composition.  However,  the  individual  components 
are  found  as  normal  constituents  of  the  human  diet,  i.e.  glycerol,  glycerol 
mono-,  di-  and  tri-fatty  acid  esters  and  individual  fatty  acids,  with  the 
exceptions  of  the  artificially  produced  polymers  of  glycerol,  polymers  of  cer¬ 
tain  fatty  acids  and  the  actual  separate  esters  between  these  polymers.  These 
latter  compounds  represent  the  toxicologically  important  constituents. 

In  vitro  experiments  on  lipase  digestion  of  polyglycerol  esters  showed  a 
slower  rate  of  digestion  than  that  of  olive  oil  and  the  ester  did  not  affect 
the  lipase  digestion  of  olive  oil  (Unilever  Research  Laborabory,  1966). 

Digestibility  or  caloric  utilization  have  been  used  to  demonstrate  metabolic 
conversion;  16  male  and  female  rats  were  fed  a  diet  containing  1  per  cent, 
ground-nut  oil  and  9  per  cent,  polyglycerol  ester  or  10  per  cent,  ground-nut 
oil  (as  control)  for  6  and  12  weeks.  Polyglycerol  ester  as  an  energy  source 
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was  almost  equivalent  to  ground-nut  oil,  as  measured  by  growth  rate.  Diges^  - 
bility  was  calculated  as  92  per  cent.  In  another  experiment  rats  were  kept 
on  a  restricted  food  intake  (18  calorles/day)  for  17  days.  After  realimentation 
with  9  per  cent,  polyglycerol  ester  and  1  per  cent,  ground-nut  oil,  no  adverse 
effect  was  noted  on  the  animals'  ability  to  gain  weight.  Rats  fed  polyglycerol 
ester  for  54  days  as  9  per  cent,  of  the  diet  showed  no  difference  in  composition 
of  carcass  fat,  liver  fat,  liver  free  fatty  acids  and  liver  phosphorus  when 
compared  with  groups  fed  1  per  cent,  or  10  per  cent,  ground-nut  oil  in  the  diet. 
Liver  vitamin  A  levels  were  unaffected.  A  polyglycerol  ester  was  shown  to  be 
absorbed  by  intestinal  lymphatics,  and  chylomicron  counts  showed  normal  lipaemia. 
Suspensions  in  water  were  more  slowly  absorbed  and  reduced  the  rate  of  gastric 
emptying  comoared  with  ground-nut  oil.  The  serum  cholesterol  level  of  ratw 
was  unaffected  by  the  presence  of  10  per  cent,  polyglycerol  ester  in  a  42  per 
cent,  fat  diet  (Unilever  Research  Laboratory,  1966). 


Acute  toxicity 

Rat.  Rats  given  single  doses  of  7,  14  and  29  g  /kg  body-weight  of  a  poly¬ 
glycerol  ester  by  intubation  showed  no  signs  of  any  toxic  effect.  Repeated 
dosing  with  10  g/kg  body-weight  daily  over  5  days  caused  no  deaths.  Rats, 
injected  i.p.  with  1,  3  and  7  g/kg  body-weight,  showed  no  adverse  effects; 
single  doses  of  10  g/kg  body-weight  caused  some  peritoneal  reaction  but  no 
deaths  (Unilever  Research  Laboratory,  1966) . 

Rabbit.  Rabbits  dosed  orally  with  10-29  g/kg  body-weight  showec  no 
toxic  effects. 


Short-term  studies 


Rats,.  Thirteen  rats  maintained  on  9  per  cent,  polyglycerol  ester  and 
1  per  cent,  ground-nut  oil  for  17  weeks  showed  normal  kidney  function  (Unilever 
Research  Laboratory,  1966).  Rats  kept  22  weeks  on  9  per  cent.  PGE  +  1  per 
cent,  ground-nut  oil  showed  no  difference  in  weights  of  liver,  kidney,  adrenal, 
spleen  and  testes  when  compared  with  controls  on  10  per  cent,  ground-nut  oil. 
Cross  autopsy  and  histological  examination  of  liver  revealed  no  abnormalities 
(Unilever  Research  Laboratory,  1966). 


Man-  Thirty-seven  volunteers,  aged  19-24,  were  fed  2-20  g  polyglycerol 
ester  per  day  for  3  weeks  in  their  diet.  No  abnormalities  were  detected  in 
plasma  proteins,  serum  amino-acids,  thymol  turbidity,  serum  bilirubrin,  total 
and  free  serum  cholesterol,  serum  alkaline  phosphatase,  SOOT,  SOFT,  oholinester.se, 
cholesterol  esterase,  24  hour  urine  volume,  urinary  creatinine,  urea  output, 
total  and  split  faecal  fat  or  total  faecal  nitrogen  (Unilever  Research  Laboratory, 
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Long-term  studies 

Mouse .  Groups  of  25  male  and  25  female  mice  were  fed  for  80  weeks  on 
either  polyglycerol  ester  or  ground-nut  oil  at  5  per  cent,  in  their  diet. 

No  adverse  effect  on  body-weight,  food  consumption,  peripheral  blood  picture  and 
survival  rate  were  noted.  Carcass  fat  of  the  test  group  showed  no  polyglycerol 
residues.  The  levels  of  free  fatty  acids,  unsaponif iable  material,  fatty  acid 
composition  of  carcass  fat  and  organ  weights  were  the  same  in  test  and  control 
groups,  except  for  the  liver  and  kidney  weights  of  female  mice  which  were  sig¬ 
nificantly  higher.  Microscopic  examination  of  all  major ‘organs  showed  nothing 
remarkable  (Unilever  Research  Laboratory,  1966). 

Rat.  A  test  group  of  22  rats,  with  a  control  group  of  28,  were  kept  on 
a  diet  containing  1.5  per  cent,  of  polyglycerol  ester  for  3  generations  and 
maintained  for  over  one  year  without  significant  variation  in  fertility  and 
reproductive  performance.  Gross  and  histological  examination  of  the  third 
generation  revealed  no  consistent  abnormality  related  to  the  test  substance 
(Unilever  Research  Laboratory,  1966). 

In  another  experiment  28  male  and  28  female  rats  were  fed  5  per  cent, 
polyglycerol  ester  or  ground-nut  oil  in  their  diet  for  2  years.  No  adverse 
effects  on  body-weight,  food  consumption,  peripheral  blood  picture,  and  sur¬ 
vival  rate  were  noted.  Liver  function  tests  and  renal  function  tests  at  59 
and  104  weeks  were  comparable  between  groups.  The  carcass  fat  contained  no 
polyglycerol  and  the  levels  of  free  fatty  acid,  unsaponif iable  residue  and  fatty 
acid  composition  of  carcass  fat  were  no  different  from  controls.  Organ  weights, 
tumour  incidence  and  tumour  distribiition  were  similar  in  control  and  test  groups. 
Complete  histological  examination  of  major  organs  showed  nothing  remarkable 
(Unilever  Research  Laboratory,  1966) . 

Comments 

The  toxicological  assessment  of  this  group  of  diverse  but  related  substances 
is  based  on  an  evaluation  of  satisfactory  evidence  for  one  member  and  assumes 
that  alterations  in  the  fatty  acid  distribution  or  polyglycerol  content  of 
individual  members  have  no  toxicological  bearing  and  only  affect  the  physical 
and  emulsifying  properties  of  each  ester.  The  metabolic  studies  point  to 
hydrolysis  of  these  polyglycerol  esters  in  the  gastrointestinal  tract  and  the 
utilization  and  digestibility  studies  justify  the  assumption  that  the  fatty 
acid  moiety  is  metabolized  in  the  normal  manner.  Analytical  studies  have  pro¬ 
duced  no  evidence  of  cumulation  of  the  polyglycerol  moiety  in  body  tissues.  Hunan 
studies  showed  no  adverse  effects. 
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It  is  desirable  to  have  properly  conducted  biochemical  studies  on  other 
members  of  this  croup,  that  do  not  conform  to  the  specifications  detailed  above 
to  exclude  unforeseen  effects. 

Evaluation 

Level  causing  n  tox icological  effect 

Rat.  50  000  ppm  in  the  diet,'  equivalent  to  2500  mg/kg  body-veight/day . 

Estimate  of  aco  ./ole  ■•v-l-iv  intakes  for  man 

mr/kg  bodv-weirht^ 

Unconditiona]  acceptance  0-12.5 

Conditional  ■  eptance  12.5-25 

REFERENCE 

Unilever  Research  Labor?  r  (1966)  Unpublished  report 


Calculated  as  total 


poxyglycerol  ester  of  pa Ini tic  acid 
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PROPYLENE  GLYCOL  ESTERS  OF  FATTY  ACIDS 

Chemical  description  Mixtures  of  propylene  glycol  mono-  and  di-esters  of 

fatty  acids  of  food  fats. 

Structural  formula 

CH3-CH-0R 
CH2-0R 

Where  R  or  R'  represents  the  fatty  acid  moiety  and  R  or 
R'  is  hydrogen  in  the  mono-esters. 

Propylene  glycol  esters  of  fatty  acids  are  mixtures  of 
the  esters  of  these  fatty  acids  with  propylene  glycol. 

They  are  mainly  the  mono-esters  with  some  di-esters  and 
the  commercial  products  will  contain  mono-  and  diglycerides 
when  fats  are  used  for  transesterification  with  propylene 
glycol. 

Propylene  glycol  esters  are  white  to  yellowish  white 
beads,  or  flakes  having  a  bland  odour  and  taste. 

As  emulsifier. 

The  content  of  propylene  glycol  in  the  commercial  products 
must  be  indicated  on  the  label. 

Biological  Data 

Biochemical  aspects 

Pancreatic  lipase  hydrolyzed  70  per  cent,  of  propylene  glycol  monostearate 
in  vitro  at  40°  in  15  hours  (Balls  &  Matlack,  1938).  Similarly,  steapsin 
hydrolized  70  per  cent,  of  propylene  glycol  distearate  (PGDS)  In  vitro  at  30° 
in  18  hours  (Long  et  al.,  1958).  The  absorption,  metabolism  and  hydrolysis 
of  PGDS  was  studied  in  rats  using  isotopically  labelled  compounds,  and  found 
to  be  similar  to  those  of  the  glyceryl  stearate  esters  (Long  et  al.,  1958a; 
1958b). 

Acute  toxicity 

Mo  data  are  available. 

Short-term  studies 

Hat.  Six  21-day  old  rats  were  fed  for  40  days  a  diet  containing 
60  per  cent,  propylene  glycol  ester.  The  animals  showed  no  adverse  effect 

on  body-weight  gain.  On  histological  examination  of  the  kidneys  no  lesions 
were  observed  (Lepkovsky  et  al.,  1935). 


Definition 


Description 


Uses 


T.onr-term  studies 

No  data  are  available. 


-  103  - 


Comments 

There  is  evidence  that  the  propylene  glycol  esters  of  fatty  acids 
are  hydrolysed  to  propylene  glycol  and  fatty  acids.  Evaluation  is  based 
on  the  content  of  propylene  glycol,  for  which  an  acceptable  daily  intake 
has  been  established  (r  A0/iiJH0,  1964)* 

Evaluation 

Estimate  of  acceptable  daily  intakes  t  or  man 


Unconditional  acceptance 
Conditional  acceptance 


nr/kr  bodv-wei/ht,^ 

0-20 

?n-Ao 


REFERENCES 

Balls,  A.  J.  &  Matlack,  M.  3.  (1933)  Biochem.  J.,  123,  679 

FA0/WK0  (1964)  FAQ  Nutrition  Meetings  Report  Series  No.  35?  Wld  Hlth  Or;--,  techn. 
Ren.  3er. ,  231 

Lenkovsky,  3.,  Ouer,  R.  A.  Sr  Evans,  H.  M.  (1935)  Biochem.  .1 . .  103.  431 

Long,  C.  L.,  Zeitlin,  B.  R.  &  Thiesen,  R.  jr  (1953a)  Arch.  Biochen..  77.  440 

Long,  C.  L.,  Domingues,  F.  J.,  Studer,  V.,  Lowry,  J.  R. ,  Zeitlin,  3.  R. , 

Baldwin,  R.  ?..  v  Thiesen,  R.  jr  (1953b)  Arch.  3f ocher...  77.  423 


j. 

Expert 


calculated  as  propylene  rlycol : 
'’siittee  on  .  ood  Additives  (FAC 


be  Seventh  Ren0rt  of  the  Joint 
l'\V\ 


?A0/'.Jl’X 
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AZODICARBONAMIDE 


Synonym 
Chemical  name 
Empirical  formula 


Azobisformamide 

Azodicarbonamide 


C2H4°2N4 


Structural  formula 


Molecular  weight 

Definition 


Description 


Uses 


116.10 

Azodicarbonamide,  after  drying,  contains  not  less  than 
98.6  per  cent  CgH^OgN^. 

Azodicarbonamide  occurs  as  a  yellow  to  orange  red, 
odourless,  crystalline  powder. 

As  a  strengthening  agent  for  flour  in  a  mixture  usually 
containing  1  part  by  weight  of  azodicarbonamide  with  9 
parts  by  weight  of  a  mixture  of  starch  and  tricalcium 
phosphate. 


Biological  Data 

Biochemical  aspects 

When  azodicarbonamide  reacts  with  flour,  it  behaves  as  a  hydrogen 
acceptor  and  it  is  rapdily  and  completely  converted  into  biurea,  which  is 
stable  under  baking  conditions.  Reaction  between  azodicarbonamide  and  flour 
only  occurs  on  wetting.  Forty-five  minutes  after  treatment  of  a  flour  with 
8.25  ppm  of  azodicarbonamide,  less  than  0.1  ppm  of  azodicarbonamide  could  be 
detected  in  the  dough.  When  "^C-labelled  azodicarbonamide  was  used  for  bread- 
making,  the  activity  remained  in  the  bread  and  there  was  no  liberation  of 
labelled  carbon  dioxide.  Biurea  labelled  with  was  unaffected  by  pepsin 
or  trypsin  in  vitro.  When  administered  orally  to  rats  in  doses  of  33  mg, 
labelled  biurea  was  recovered  quantitatively  within  120  hours  from  faeces  and 
urine.  Absorption  from  the  intestinal  trace  was  about  20  per  cent.  No 
radioactivity  was  detectable  in  the  blood  after  24  hours;  no  tissues  were 
found  to  accumulate  biurea  (Joiner  et  al.,  1963;  Oser  et  al.,  1965). 
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Special  studies 

Study  of  the  amino-acid  pattern  of  gluten  obtained  from  flour*  that 
were  either  untreated  or  treated  with  azodicarbonamide  at  11  ppm  or  110  ppm 
revealed  no  significant  changes  (Oser  et  al.,  1965). 

No  alteration  in  the  amounts  of  thiamine,  riboflavin,  or  niacin  present 
in  natural  or  enriched  flour,  or  bread  made  from  such  flours,  was  observed 
after  treatment  with  11  ppm  of  azodicarbonamide  (Joiner  et  al.,  1963;  Oser 
et  al. ,  1965) . 

Acute  toxicity 

Mouse.  Single  doses  of  0,  1,  2,  4  and  6  g/kg  body-weight  were  admini¬ 
stered  orally  to  groups  of  5  mice.  No  adverse  effects  were  observed 
(Joiner,  1965). 

Single  doses  of  0,  250  and  500  mg/kg  body-weight  were  administered 
intraperitoneally  to  groups  of  5  mice.  Moderate  depression  and  some  diarr¬ 
hoea,  but  no  deaths,  occurred.  Single  doses  of  0,  750,  1000  and  1250  mg/kg 
body-weight  were  administered  to  groups  of  5  mice  intraperitoneally.  Diarr¬ 
hoea,  cyanosis,  dyspnoea  and  depression  were  observed,  with  1,  4j  4  deaths 

in  the  three  groups  at  48  hours  respectively  (Oser,  1965). 

• 

Rat.  Single  doses  of  0,  1,  3  and  6  g/kg  body-weight  were  administered 
to  groups  of  5  rats  by  intragas  trie  intubation.  No  ill  effects  were 
observed  (Joiner,  1965). 

Short-term  studies 

Rat.  Doses  of  0,  100  and  1000  mg/kg  body-weight,  were  administered  daily 
by  intragastric  intubation  to  groups  of  10  rats  f or  a  period  of  8  weeks.  No 

adverse  effect  was  observed  (Joiner,  1965). 

•  •  .  •  ;  / 

Dog.  A  daily  dose  of  60  mg/kg  body-weight  was  administered  in  the  diet 

for  8  weeks  to  a  dog,  without  demonstrable  ill  effect  on  growth  rate,  haematology 
and  genera]  health  (Joiner,  1 ?65) . 


Rabbit,.  Int.radermal  and  patch  tests  for  skin  sensitivity  t.o  azodicarhona- 
mide  were  carried  out  on  groups  of  10  rabbits.  Azodicarbonamide  showed  *0 
activity  as  a  primary  skin  irritant.  No  other  effect,  was  observed  (United 
States  Testing,  19^2). 


Man.  Despite  large-scale  industrial  and  bakery  use 'of  azodicarbonamide 
no  dermatologic*!  problems  associated  with  such  use  h*ve  been  reported. 
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Studies  on  Biurea 

Short-term  studies 

Rat.  Two  test  groups  of  25  male  and  25  female  rats  and  a  control  group 
of  10  male  and  10  female  rats  were  fed  diets  to  which  was  added  0,  5  or  10  per 
cent,  biurea,  for  a  period  of  one  year.  The  rate  of  weight  gain  of  the  male 
rats  was  slightly  depressed  during  the  first  12  weeks  in  the  test  groups,  but 
receovered  later.  The  appearance,  behaviour,  food  intake  and  utilization, 
morbidity  and  mortality  in  the  test  and  control  groups  were  not  significantly 
different.  Haematological  studies  and  blood  biochemistry  showed  no  abnorma¬ 
lities.  No  abnormalities  were  seen  at  autopsy,  relative  organ  weights  were 
within  normal  limits;  histological  examination  of  major  organs  showed  no 
difference  between  test  and  control  groups  (Oser  et  al.,  1965). 

Dog.  Four  mongrel  dogs  (2  male  and  2  female)  were  fed  a  diet  containing 
5  per  cent.  (2  dogs)  and  10  per  cent.  (2  dogs)  of  biurea,  respectively.  Some 
difficulty  was  experienced  in  persuading  the  animals  to  eat  this  diet.  The 
10  per  cent,  group  thrived  poorly  and  died  at  20  weeks;  the  5  per  cent,  group 
survived  and  was  sacrificed  at  11  months.  The  only  pathological  change  noted 
was  the  presence  of  massive  biurea  calculi  in  the  kidneys.  No  significant 
changes  were  seen  in  haematological  studies,  nor  in  the  gross  or  microscopical 
study  of  the  main  organs  (Oser  et  al.,  1965). 

Groups  of  4  mongrel  d<Jgs  were  fed  diets  containing  77  per  cent,  of  bread 
to  which  was  added  0,  750,  2370  or  7500  ppm  of  biurea,  for  2  years.  Weight 
gain  and  food  intake  showed  no  significant  difference  between  control  and  test 
groups.  Detailed  study  of  blood  formation,  methaemoglobin  levels  and  histo- 
pathological  examination  of  major  organs  showed  no  differences  between  control 
and  test  groups,  except  for  a  grayish  brown  colour  of  the  liver  in  two  dogs, 
renal  haemorrhage  in  one  dog  receiving  750  ppm  of  biurea,  and  dilated  renal 
pelves  in  one  dog  receiving  the  highest  dose  (7500  ppm)  of  biurea  (Oser  et  al., 
1965). 

Long-term  studies 

Rat.  Groups  of  25  male  and  25  female  weanling  rats  were  fed  diets  con¬ 
taining  83  per  cent,  of  bread  to  which  was  added  0,  750,  2370  or  7500  ppm  of 
biurea,  respectively,  corresponding  to  biurea  levels  in  the  diet  equivalent  to 
0,  311,  983  or  3110  ppm.  The  first  generation  was  studied  for  a  life  span 
(two  years);  10  males  and  10  females  were  selected  at  random  from  the 
generation  and  kept  on  the  diet  and  observed  for  28  weeks;  the  F^  generation 
was  studied  similarly  and  the  F^  generation  for  14  weeks. 

The  appearance,  behaviour,  rate  of  weight  gain  and  food  intake  in  each 
group  of  all  generations  showed  no  significant  differences.  Reproduction  and 
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laj tstion  were  normal.  Morbidity  and  mortality  were  similar  in  all  groups 
and  showed  no  dose-related  variations.  Haematol ogical  studies  (including 

methaemoglobin  levels)  and  gross  and  microscopic  examination  of  all  the  main 
organs  revealed  no  significant  difference  between  test  and  control  groups, 
except  for  one  enlarged  kidney  in  a  female  rat  receiving  a  high  dose  of  biurea. 
A  detailed  assessment  of  tumour  incidence  was  made  and  nothing  significant  was 
found  (Oser  et  al.,  1965). 

studies  on  flour  overtreated  with  azodicarbonamide ,  and  bread  baked  from  it 

dhort-term  studies 

hat.  Two  groups  of  10  rats  were  fed  daily  for  8  weeks  by  gastric  tube 
with  untreated  flour  and  with  flour  treated  with  azodicarbonamide  (120  ppm), 
to  adverse  effect  was  ooservea  on  the  rate  of  weight  gain,  blood  formation,  or 
the  gross  or  microscopical  appearance  of  the  main  organs  (Oser  et  al.,  1365). 

Dog.  A  group  of  4  mongrel  dogs  was  fed  bread  made  from  flour  treated 
with  azodicarbonamide  (100  ppm).  The  animals  were  observed  for  two  years. 

No  abnormalities  were  found  in  weight  gain,  food  intake,  appearance,  behaviour, 
and  morbidity.  At  autopsy  no  macroscopic  or  microscopic  change  of  any  signi¬ 
ficance  was  found  in  the  main  organs  (Oser  et  al.,  1965). 

Lon?- term  studies 


Rat.  Flour  treated  with  azodicarbonamide  (100  ppm)  was  made  into  bread 
and  this  was  fed  to  25  male  and  25  female  weanling  rats;  bread  made  from  the 
untreated  flour  was  fed  to  a  control  group  of  25  male  and  25  female  rats.  The 
animals  were  observed  over  the  life-span  (2  years).  Appearance,  behaviour, 
weight,  gain,  food  intake,  reproduction  and  lactation,  morbidity  and  mortality 
ra .e  were  no1-  significantly  different.  Detailed  studies  on  the  blood  and 
main  organs  revealed  no  macroscopic  or  microscopic  abnormalities.  Tirour 
incidence  was  examined  in  detail  and  no  alteration  in  the  numbers  or  pattern  0f 
tumour:  found  was  observed  (Oser  et  al.,  lOnf). 

''onr-et  t  <? 


Azodicaroonanide  has  been  extensively  studied  and  the  theoretical  noint 
with  regard  to  the  possible  effect  of  unconverted  azodicarbonamide  was  covered 
ny  experiments  using  overtreated  flour  or  bread  made  from  it.  The  evidence 
strongly  -urmortr  the  view  that  azodicarbonamide  is  rapidly  and  completely 
'•onverted  to  biurea  on  wetting  and  that  this  substance  is  .stable  in  bread', 
•mures  inself  is  metaboli rally  inert,  h«s  low  toxicity  *nd  doer  nr*, 

cr.y  carcinogenic  Ward.  Azodicarbonamide  nas  been  adeouately  .  tudien  in 
several  species  .  i  ;jlmilnr-y  1>f.0  ^ 


•  '  .  -M  £ 


■“  '  •  *  •  I  •  •  - 


pro.jrr.;-.  v  r«i?,er,  1  V/ ' 


ir  **—  i  or* 
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Evaluation 

Acceptable  level  of  treatment 

Flour :  0-45  ppm^ 
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CHLORINE 


Chemical  name 
Empirical  formula 

Molecular  weight 

Use 


Chlorine 

C12 

70.91 

For  the  treatment  of  flour. 


In  the  absence  of  adequate  chemical  data  from  the  manufacturers, 
specifications  for  chlorine  have  not  been  prepared  and  will  not  be  established 
until  the  biological  studies  requested  have  been  made  available. 


Biological  Data 


Biochemical  aspects 

Chlorine  oxidizes  the  flour  protein  in  a  manner  that  is  presumed  to 
resemble  the  effect  of  other  oxidizing  agents.  In  addition  to  modifying 
the  sulfur-containing  amino  acids,  chlorine  may  also  enter  into  combination 
with  proteins  and  unsaturated  fatty  acids. 


Halogenated  proteins  appear  to  behave  nutritionally  similarly  to  normal 
proteins  but  halogenation  of  polyunsaturated  fatty  acids,  on  the  other  hand, 
may  alter  their  biological  activity.  Thus,  for  example,  halogenated  linoleic 
acid  may  cease  to  be  effective  as  an  essential  fatty  acid. 


Over-treatment  of  flour  with  1950  ppm  of  chlorine  resulted  in  the 
reduction  of  the  unsaturated  fatty  acids  in  the  flour  to  40  per  cent. ,  as 
compared  with  the  untreated  flour.  Oleic  acid  was  probably  converted  into 
dichlorostearic  acid,  and  linoleic  and  linolenic  acids  into  a  range  of  chlori¬ 
nated  compounds  (Coppock  et  al.,  I960).  Treatment  with  up  to  120  ppm  did  not 
materially  change  the  major  fatty  acids  (Daniels,  I960). 

When  soft-wheat  flours  were  treated  with  chlorine,  the  chlorine  content 
of  the  lipids  increased  markedly,  the  water  soluble  components  to  a  lesser 
extent  and  the  gluten  only  slightly.  The  lipids  and  water-soluble  compounds 
comprised  only  5  per  cent,  of  the  flour,  but  contained  more  than  90  per  cent. 

of  the  added  chlorine.  The  chlorine-containing  lipids  showed  a  decreased 
iodine  value  (Gilles  et  al.,  1964). 


The  chlorine  content  of  unbleached  flour  was  found  to  be  43-54  mg  Cl  per 
100  g  of  flour,  and  that  of  blenched  flour,  131-189  me  Cl  per  100  g.  This 
author  found  that  nearly  all  the  additional  chlorine  was  in  vnter-solubles  and 
g  uten.  At  least  50  per  cent,  of  the  Cl  in  the  gluten  fraction  was  in  the 
lipid.  In  the  untreated  flour,  70  per  cent,  is  prime  starch  and  this  contained 
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20-25  per  cent,  of  the  Cl;  treatment  with  chlorine  did  not,  however,  sig¬ 
nificantly  increase  the  Cl  in  the  prime  starch  (Sollars,  1961). 

Rats  fed  4*1  per  cent,  of  lipids  extracted  from  chlorine-treated  flour 
showed  a  decrease  of  polyunsaturated  fatty  acids  in  the  fat  depots  and  a 
corresponding  increase  of  palmitic,  oleic  and  palmitoleic  acids  when  compared 
with  control  animals  receiving  4.1  per  cent,  of  added  untreated  flour  lipid. 

The  chlorine  content  of  the  adipose  tissue  was,  however,  only  slightly 
increased.  Effects  of  this  nature  could  not  be  demonstrated  at  lower  levels 
of  fat  intake  more  comparable  with  the  amounts  that  might  be  ingested  from  the 
use  of  treated  flour  (Daniels  et  al.,  1963). 

Acute  toxicity 

No  data  are  available. 

Short-term  studies 

Rat.  Five  groups  of  3  rats  were  each  fed  diets  containing  0,  0.82  and 
4.1  per  cent,  of  untreated  flour  lipids,  and  0.82  and  4-1  per  cent,  of  lipid 
from  flour  treated  with  chlorine  at  a  level  of  1950  ppm.  At  the  4*1  per  cent, 
level  the  groups  receiving  lipid  from  the  treated  flour  had  thinner  and  rougher 
fur,  fertility  was  reduced  and  lactation  was  also  less  efficient.  Similar 
depression  of  fertility  and  lactation  was  observed  with  the  group  receiving 
0.82  per  cent,  of  treated  lipid.  These  effects  were  consistently  observed 
through  4  generations  and  were  not  relieved  by  8  weeks  feeding  of  2  per  cent, 
linoleic  acid  (Daniels  et  al.,  I960). 

Dog.  Two  groups  of  4  and  6  dogs  were  fed  diets  containing  flour  treated 
with  356  ppm  of  chlorine  for  21-38  days  without  causing  running  fits.  Dogs 
which  had  developed  running  fits  on  agene-treated  flour  recovered  on  being 
switched  to  chlorine-treated  material  (Arnold,  1949?  Radomski  et  al.,  1948; 
Bentley  et  al.,  1948;  Newell  et  al.,  1947). 

Long-term  studies 

Rat.  A  multigeneration  study  was  started  in  1955  and  continued  to  the  six: 
generation  until  1963.  The  animals  received  drinking-water  containing  an  exces 
of  100  ppm  of  chlorine.  There  was  no  adverse  effect  on  growth,  fertility  or 
mean  life-span.  There  was  no  indication  of  a  carcinogenic  effect  of  the 
chlorinated  water  (Druckrey,  1965). 

Comments 

The  evidence  available  indicates  that  the  effects  on  lipids  are  not  of 
any  great  significance.  The  small  change  in  polyunsaturated  fatty  acids  that 
occurs  at  the  commercial  levels  of  treatment  suggests  that  this  effect  is  not 


-  Ill  - 


significant  in  relation  to  the  human  diet  as  a  whole.  It  seems  unlikely  that 
the  chlorinated  lipids  have  any  significant  toxic  properties.  There  is  a  need 
for  studies  on  chlorine-treated  flour. 

Evaluation 

Formal  evaluation  is  not  possible  on  the  limited  evidence  available. 
Although  it  does  not  seem  likely  that  the  ingestion  of  chlorine-treated  flour 
amounting  to  only  1.5  per  cent,  of  total  flour  intake  will  have  any  serious 
toxicological  significance,  it  seems  desirable  nevertheless,  that  more  adequate 
toxicological  and  nutritional  studies  should  be  carried  out. 

It  is  not  considered  necessary  to  discontinue  the  use  of  chlorine  at 
present. 

Further  work  required 

Adequate  long-term  studies  are  needed  on  flour  treated  with  chlorine  at 
several  dose  levels  and  bread  baked  from  it. 


REFERENCES 

Anon  (i960)  Brit,  ned.  J. ,  i ,  1466 
Arnold,  A.  (1949)  Cereal  Chem..  26.  46 


Bentley,  H.  R. ,  Booth,  R.  G. ,  Greer,  E.  N. ,  Heathcote,  J.  G.,  Hutchinson,  J.  B. 
&  Moran,  T.  (1948)  Nature.  161,  126 


Coppock,  J.  B.  M.,  Daniels,  N.  W.  R.  &  Russell  Eggitt,  P.  W.  (i960) 
Chen,  and  Ind. ,  17 


Daniels,  D.  G.  H.  (i960)  J.  Sci.  Food  Arri c.T  11,  664 


Daniels,  N.  W.  R. ,  Frape,  D.  L. ,  Russell  Eggitt,  P.  W.  &  Coppock,  J.  B.  M. 
(1963)  J.  Sci.  Food  Arric..  14,  883 


Druckrey,  H.  (1965)  Unpublished  report  submitted  to  WHO 

Gilles,  K.  A.,  Kaelbe,  E.  F.  &  Youngs,  0.  L.  (1964)  Cereal  Chen..  41,  412 


Newell,  G.W. ,  Erickson  R  C.,  Gilson,  W.  E. ,  Gershoff,  S.  N.  &  Slvejhem,  C.  A. 
V1947)  J,  Ainer.  med.  Assoc. T  135.  760 


Radomski,  J.  L.,  Woodard,  G.  £  Lehman,  A.  J.  (1948)  Ji_Nutr.,  36,  15 
Sollars,  W.  F.  (1961)  Cereal  Chem.T  ^8,  487 


-  112  - 


CALCIUM  IODATE 

Chemical  name 

Calcium  iodate  monohydrate 

EmDirical  formula 

Ca(lG3)2.H20 

Molecular  weirfit 

407.90 

Definition 

Calcium  iodate  raonohydrate  contains  not  less  than  99  per 

cent,  and  not  more  than  the  equivalent  of  101  per  cent, 
of  Ca(l03)2.H20. 

Descriotion 

Calcium  iodate  monohydrate  occurs  as  a  white  powder  and 

may  have  a  slight  odour. 

Uses 

As  a  rapid  oxidizing  agent  used  for  strengthening  flour. 

Evaluation 

There  is  no  reason  to  believe  that  calcium  iodate  differs  toxicologically 
from  potassium  iodate.  For  the  reasons  stated  under^ potassium  iodate  no 
estimate  was  made  of  the  acceptable  level  of  treatment  of  flour. 
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POTASSIUM  IODATE 


r.hpmical  name 
K.mnirlca]  formula 

Molecular  weight 

Definition 


Description 

Use 


Potassium  iodate 

kio3 

214.00 

Potassium  iodate  contains  not  less  than  99  per  cent, 
and  not  more  than  the  equivalent  of  101  per  cent,  of 
KIO^,  after  drying. 

Potassium  iodate  occurs  as  a  white,  crystalline  powder 
and  may  have  a  slight  odour. 

As  a  rapid  oxidizing  agent  used  for  strengthening  flour. 


Biological  Data 

Biochemical  aspects 

It  is  presumed  that  the  oxidizing  effects  of  potassium  iodate  on  flour 
proteins  are  essentially  similar  to  those  caused  by  other  oxidizing  agents;  in 
addition,  the  formation  of  some  halogenated  compounds- might  be  expected.  The 
main  residue  is  iodide,  but  some  iodate  may  be  present  (London  et  al.,  1365). 

In  the  rat  the  inhibiting  effect  of  iodine  on  the  functional  activity  of  the 
thyroid  is  intensified  by  deficiency  of  dietary  protein  or  by  an  excessive 
proportion  of  vegetable  protein  or  of  vegetable  and  animal  fat  in  the  diet 
(Shtenberg  and  Plotnikova,  I960). 

Acute  toxicity 


Animal 

Route 

LD50 

(mg/kg  body-weight) 

References 

POTASSIUM  IODATE 

Mouse  (fasting) 

oral 

531  -  21 

Webster  et  al.,  1957 

Mouse  (fed) 

oral 

1  177  -  61 

Webster  et  al.,  1957 

Mouse 

i.p. 

136  ±  5 

Webster  et  al.,  1957 

Guinea-pig  (fasting' 

oral 

<400 

Webster,  1954 

POTASSIUM  IODIDE 

Mouse  (fasting) 

oral 

1  862  i  100 

Webster  et  al.,  1957 

Mouse  (fed) 

oral 

2  068  ±  140 

Webster  et  al. ,  1957 

Mouse 

i.p. 

1  117  +  30 

Webster  et  al.,  1957 
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Daily  intravenous  injection  of  high  doses  (45  mgAg)  of  potassium  iodate 
for  up  to  6  days  in  rabbits  has  produced  retinopathy  (Cucco,  1954). 

Short-term  studies 

Mouse .  Groups  of  9  or  10  mice  were  given  water  to  which  has  been  added 
0,  0.05,  0.1,  0.25,  0.5  or  0.75  per  cent,  potassium  iodate;  a  group  also 
received  water  containing  potassium  iodide  equivalent  to  a  potassium  iodate 
content  of  0.84  per  cent.  Observation  was  continued  for  16  weeks.  Reduction 
of  water  intake  and  weight  gain  was  observed  in  the  groups  receiving  0.5  per 
cent,  and  0.75  per  cent,  potassium  iodate.  Three  'mice  on  the  highest  level 
of  intake  of  potassium  iodate  died  within  the  first  week;  the  remainder 
survived  for  16  weeks.  No  changes  were  found  grossly  or  microscopically, 
except  at  the  0.5  per  cent,  and  0.75  per  cent,  levels  of  intake.  In  these 
animals  some  haemolysis  had  occurred,  resulting  in  reduced  haemoglobin  levels 
and  haemosiderin  deposits  in  the  kidneys.  Increased  susceptibility  to  iodate 
was  not  demonstrable  (Webster  et  al.,  1959). 

Guinea-pig.  Three  groups  of  6  male  and  6  female  guinea-pigs  received 
water  containing  0,  0.05,  0.25  and  0.5  per  cent,  of  potassium  iodate  for  2 
weeks.  Except  for  reduced  rate  of  weight  gain  and  fluid  intake  in  the  two 
highest  intake  groups,  no  other  significant  abnormalities  were  observed 
(Webster  et  al.,  1959). 

Rabbit.  Fourteen  rabbits  received  daily  amounts  of  sodium  iodate 
equivalent  to  0.3099  mgAg  body-weight  of  potassium  iodate  for  4-14  months 
without  ill  effect  (Murray,  1953). 

Sheep.  Groups  of  2  male  and  2  female  lambs  were  fed  on  diets  containing 
0,  50,  100  and  500  ppm  of  potassium  iodate  for  45  days  without  demonstrable 
ill  effect  (Penick,  1955). 

Fowl.  Groups  of  9  male  and  10  female  day-old  chicks  were  fed  a  basal 
diet  containing  1.3  ppm  of  iodine  with  1.2,  6,  30  and  150  ppm  of  added  potassium 
iodate  for  10  weeks.  Weight  gain,  efficiency  of  food  utilization,  haemoglobin 
and  methaemoglobin  levels,  bldod  cell  counts  and  mortality  were  unaffected 
(Brumbaugh  et  al.,  1959). 

Man.  There  is  wide  experience  of  therapeutic  administration  of  iodides  ar 
iodates  to  human  subjects  (Stacpoole,  1953). 

Long-term  studies 


No  data  are  available  on  animals. 
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Man  Iodised  table  salt  at  a  level  of  10  ppm  has  been  used  for  many 
years  for  prophylaxis  against  endemic  goitre.  No  ill  effects  have  been 
reported.  The  intake  of  -ater  with  a  high  level  of  iodan.  (up  to  50  Mg/ 
did  not  appear  to  have  any  significant  deleterious  effects  on  general  health, 
and  provided  some  prophylaxis  against  thyroid  enlargement  (Medical  Research 
Council,  1948;  WHO,  1958). 


Comments 

There  is  a  paucity  of  information  on  the  effect  of  iodates  on  the 
nutritional  value  of  flour  and  no  long-term  studies  appear  to  have  been 
carried  out  on  iodate-treated  flour  or  bread  made  from  it. 

Evaluation 

Amounts  of  iodine  of  the  order  of  a  few  micrograms  per  litre  in  the 
drinking  water  have  been  shown  to  be  prophylactic  against  thyroid  enlarge¬ 
ment  in  children.  Calculations  show  that  the  use  of  iodate  as  a  flour- 
maturing  agent  might  well  result  in  a  daily  intake  of  about  2000  V^g,  which 
exceeds  considerably  the  normal  daily  requirement  of  iodine  (100-200  |lg). 

It  is  undesirable  for  use  as  a  food  additive,  particularly  in  a  staple  food, 
since  it  has  an  important  physiological  action. 
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OXIDES  OF  NITROGEN 

In  the  absence  of  adequate  chemical  data  from  the  manufacturers,  speci¬ 
fications  for  oxides  of  nitrogen  have  not  been  prepared  and  will  not  be  est¬ 
ablished  until  the  biological  studies  requested  have  been  made  available. 

Biological  Data 

Biochemical  aspects 

It  is  considered  important  that  the  products  resulting  from  the  treat¬ 
ment  of  flour  with  oxides  of  nitrogen  should  be  adequately  investigated, 
particularly  for  the  possible  presence  of  nitrosamines.  The  only  informa¬ 
tion  obtained  from  the  literature  is  on  flour  contaminated  accidentally  by 
exposure  to  air  containing  oxides  of  nitrogen  (Bure,  1962).  The  presence 
of  nitrites  in  flour  treated  with  oxides  of  nitrogen  has  been  demonstrated 
(Wesener  &  Telley,  1909). 

Acute  toxicity 

Not  relevant 

Short-term  studies 

Dog.  Dogs  were  fed  30-50  g/kg  body-weight/day  of  flour  treated  with 
nitrogen  oxide  (treatment  level,  11  amperes/100  lbs)  for  21-38  days.  No 
running  fits  were  observed  and  the  dogs  remained  in  apparent  good  health 
(Radomski  et  al.,  1948). 

Long-term  studies 

No  data  are  available. 

Evaluation 

On  the  available  data  it  is  not  possible  to  arrive  at  an  estimate  of 
acceptable  level  of  treatment  of  flour.  Nevertheless  it  is  not  considered 
necessary  to  discontinue  the  use  of  oxides  of  nitrogen  at  the  present  treat¬ 
ment  levels,  provided  the  following  further  work  required  is  made  available. 

Further  work  required 

Analytical  -  measurement  of  nitrite,  nitrate  and  nitrosamines  in  treated 
flour  and  bread  made  from  it. 

Toxicological  -  long-term  tests  on  treated  flour  and  bread  made  from  it. 
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acetone  peroxides 


Chemical  name 


A  mixture  of  monomeric  and  linear  dimeric  acetone 
peroxide  (mainly  2,2-dihydroperoxy  propane),  with 
minor  proportions  of  higher  polymers. 


.Structural  formula 

(theoretical) 


Definition 


Description 


Monomer : 


Dimer: 


CH^  /00H 
*  C 

CH  X  V00H 


00H  90H 

CH  -C-O-O-C-CH 

3  ch.  Ah, 


3 


Acetone  peroxides  contain  a  minimum  of  16  per  cent, 
acetone  peroxides. 


Acetone  peroxides  occur  mixed  with  an  edible  carrier 
such  as  cornstarch  to  give  a  fine,  white,  free- 
flowing  powder.  It  has  a  sharp  acrid  odour. 


Caution  Powerful  oxidizing  substance. 

Uses  As  a  flour  bleaching  and  stengthening  agent. 

« 


Biological  Data 

There  appears  to  be  no  published  information  on  the  toxicity  of  acetone 
peroxides,  or  on  the  biological  effects  of  bread  made  from  flour  treated  with 
acetone  peroxides. 

Evaluation 

No  biological  data  were  available  for  the  estimation  of  an  acceptable 
level  of  treatment  of  flour. 

Further  work  reauired 

Full  studies,  in  accordance  with  the  recommendations  of  the  Second  and 
Fifth  Reports  of  the  Joint  FAO/WHO  Expert  Committee  on  Food  Additives. 
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CALCIUM  PEROXIDE 

Synonyms 

Sometimes  incorrectly  referred  to  as  calcium  dioxide 

Chemical  names 

Calcium  peroxide;  Calcium  superoxide 

Empirical  formula 

Ca02 

Molecular  weight 

72.08 

Definition 

Calcium  peroxide  contains  not  less  than  60  per  cent. 
CaO^  • 

Description 

Calcium  peroxide  occurs  as  a  white  or  yellowish, 
odourless,  almost  tasteless  powder  or  granular 

material. 

Caution 

Powerful  oxidizing  substance. 

Use 

As  a  strengthening  agent  for  flour. 

Biological  Data 

There  appears  to  be  no  published  information  on  the  toxicity  of 
calcium  peroxide,  or  on  the  biological  effects  of  bread  made  from  flour 
treated  with  calcium  peroxide. 

Evaluation 

No  toxicological  data  were  available  for  the  estimation  of  acceptable 
levels  of  treatment  of  flour. 

Further  work  required 

Full  studies  in  accordance  with  the  recommendations  of  the  Second  and 
Fifth  Reports  of  the  Joint  FAO/WHO  Expert  Committee  on  Food  Additives. 
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AMMONIUM  PERSULFATE 

Chemical  name 

Ammonium  persulfate 

C.mnirical  formula 

(Nh4)2S2°8 

Molecular  weight 

223.20 

Definition 

Ammonium  persulfate  contains  not  less  than  95  per 
cent.  (NH^)2S20q. 

DescriDtion 

Ammonium  persulfate  occurs  as  colourless  crystals, 
white  crystalline  powder. 

Caution 

Powerful  oxidizing  substance. 

Use 

As  a  strengthening  agent  for  flour. 

Biolorical  Data 

(See  Potassium  Persulfate) 

Chemical  name 

POTASSIUM  PERSULFATE 

Potassium  persulfate 

Empirical  formula 

K2S2°8 

Molecular  weight 

270.32 

Definition 

Potassium  persulfate  contains  less  than  95  per  cent, 
of  K2S208. 

Descrintion 

Potassium  persulfate  occurs  as  colourless  or  white, 
odourless  crystals. 

Caution 

Powerful  oxidizing  substance. 

Use 

As  a  strengthening  agent  for  flo\>r. 

Biological  Data 

Biochemical  asnects 

Persulfate  is  converted  to  bisulfate  and  sulfate  in  bread.  Sulfates 
are  slowly  absorbed;  large  amounts  may  cause  purgation.  Sulfates  are  formed 
in  the  body  physiologically  and  excreted  in  the  urine  as  conjugates. 
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The  nutritional  value  of  gluten  has  been  studied  by  examination 
of  the  amino  acid  pattern  before  and  after  treatment  with  ammonium  per¬ 
sulfate  at  levels  of  100  and  2000  ppm.  At  the  lower  level  of  treatment 
no  significant  change  in  amino  acids,  other  than  in  methionine,  was  found. 
The  higher  level  of  treatment  resulted  in  46  per  cent,  loss  of  tryptophan, 

20  per  cent,  loss  of  methionine  and  slight  losses  of  cystine,  arginine  and 
lysine.  It  also  reduced  the  digestibility  of  the  protein  by  21  per  cent.; 
no  significant  effect  on  digestibility  was  seen  at  the  lower  level  of 
treatment  (Schormuller  et  al.,  1953).  In  studies  on  bread  baked  from  flour 
treated  at  100  ppm,  reduction  of  methionine  was  not  observed,  even  after  one 
month's  storage  (Jansen  et  al.,  1955). 

Special  studies 

It  has  been  claimed  that  flour  treated  with  ammonium  persulfate  is 
liable  to  cause  dermatitis  in  bakers  (Teleky  ft  Zitzke,  1932).  Skin  tests 
were  reported  to  show  sensitivity  to  ammonium  persulfate  (Badham,  1935). 
These  results  have  not  been  subsequently  confirmed  (Amos,  1951;  Maltha, 
1954). 

Acute  toxicity 

No  data  are  available. 

Short-term  tests 

Rat.  Groups  of  rats  fed  diets  containing  a  high  proportion  of  flour 
or  bread  made  from  flour  treated  with  ammonium  persulfate  at  levels  of  0.02 
and  0.1  per  cent,  showed  no  ill  effects  over  a  six-month  period.  Weight 
gain,  reproductive  performance  and  microscopical  appearance  of  main  organs 
were  studied.  The  study  was  carried  through  two  generations  (Arnold  ft 
Goble,  1949;  Arnold  ft  Goble,  1950). 

Pop.  Twelve  dogs  were  fed  on  diets  containing  a  high  flour  content 
for  a  period  of  5.5-16  months.  The  flour  was  treated  with  0,  0.12  or 
0.8  per  cent,  ammonium  persulfate.  No  differences  between  the  control  and 

test  animals  were  observed  with  regard  to  weight  gain,  appearance,  renal 
function,  haematology,  urinary  constituents,  and  gross  or  microscopic 
appearance  of  major  organs  (Arnold  ft  Goble,  1950).  In  another  experiment 
dogs  were  fed  flour  treated  at  0.027,  0.121  and  0.008  per  cent,  for  various 
periods  up  to  30  days  without  obvious  ill  effects  (Arnold,  1949;  Bentley 
et  al.,  1948). 
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Lone-term  studies 

None  appear  to  be  available,  using  either  ammonium  persulfate  or 
ammonium  sulfate  on  treated  flour  or  bread  baked  from  it. 

Comments 

While  one  would  not  ascribe  any  serious  significance  to  a  small  residue 
of  sulfate,  there  is  a  serious  lack  of  long-term  studies  on  persulfate-treated 
flour  or  bread  baked  from  it.  There  is  some  suggestion  that  flour  treated 
with  ammonium  persulfate  is  liable  to  cause  skin  sensitization.  Such 
studies  as  have  been  done  on  possible  toxic  substances  produced  by  treatment 
were  strongly  orientated  towards  the  production  of  "running  fits",  which  we  now 
know  could  not  be  a  hazard  in  this  case.  Further  work  is  needed  on  the 
nutritional  aspects,  particularly  the  vitamin  content  of  treated  flour  and 
bread . 

Evaluation 

In  the  absence  of  more  adequate  toxicological  data,  it  is  not  possible 
to  estimate  an  acceptable  treatment  level  of  flour.  Nevertheless  it  is  not 
considered  necessary  to  discontinue  the  use  of  persulfates  at  present. 

Further  studies  required 

Adequate  long-term  studies  are  needed  on  flour  treated  at  several  dose 
levels  with  ammonium  persulfate  and  bread  baked  from  it. 
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STEARYL  TARTRATE 


Synonym 

Chemical  description 

Empirical  formula 

Structural  formula 


Stearyl  palmityl  tartrate 
Di-stearyl/palmityl  tartrate 

C40H78°6  t0  C38H74°6 
HO-CH-COOR 

ho-6h-coor 


Molecular  weight 

Definition 


Description 


Where  R  -  (CH^^-CH^  or  up  to  50  per  cent.  (CH^^-CH^ 
654  to  626 

The  material  shall  be  the  product  of  the  esterification 
of  tartaric  acid  with  commercial  stearyl  alcohol,  which 
consists  essentially  of  stearyl  and  palmityl  alcohols. 
It  shall  consist  mainly  of  di-ester,  with  minor  amounts 
of  mono-ester  and  of  unchanged  starting  materials,  the 
total  ester  content  being  not  less  than  90  per  cent, 
by  weight. 

Stearyl  tartrate  occurs  as  a  cream-coloured  unctuous 
substance. 


Use 


As  a  dough  strengthening  agent. 


Biological  Data 

Biochemical  aspects 

Stearyl  tartrate  is  made  from  stearyl  alcohol  and  tartaric  acid.  The 
only  impurities  present  in  any  significant  amount  are  unreacted  stearyl  alco¬ 
hol  and  tartaric  acid.  Both  of  these  substances  occur  naturally  in  the  diet 
and  they  have  no  toxicological  significance  at  the  level  of  use  of  stearyl 
tartrate.  Commercial  stearyl  alcohol  contains  50  per  cent,  cetyl  alcohol 
which  is  handled  similarly  to  stearyl  alcohol  in  the  body.  The  use  of 
deuterium  -  labelled  cetyl  and  stearyl  alcohol  has  shown  that  they  are  largely 
converted  into  the  corresponding  palmitic  and  stearic  acids  which  mix  with 
fatty  acid  pool  and  enter  normal  metabolism.  The  actual  proportion  of  cetyl 
and  stearyl  alcohol  is  not  expected  to  make  any  difference  in  their  biological 
effect  (Den  Stetten  &  Schoenheimer,  1940;  Schoenheimer  %  Hilgetag,  1934). 
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The  ester  linkage  between  the  primary  alcohol  and  tartaric  acid  is  split  by 
liver  esterases  but  not  by  pancreatic  lipase.  14C-labelled  stearyl  tartrate 
was  poorly  absorbed  in  rats  when  fed  as  a  suspension  in  water,  or  mixed  with 
food;  about  90  per  cent,  or  more  was  recovered  from  the  stools.  When  labelled 
stearyl  tartrate  was  administered  as  a  1  per  cent,  solution  in  olive  oil, 

50-80  per  cent,  was  absorbed  in  7  out  of  10  rats;  the  other  3  rats  showed 
poor  absorption.  Study  of*  th©  metabolism  of*  labelled  stearyl  tartrat©^ 
administered  as  an  oily  solution  was  carried  out  in  rats  using  a  closed  system 
for  the  recovery  of  1/*C02.  It  was  shown  that  carbon  dioxide  was  released 
from  stearyl  tartrate  at  a  rate  equivalent  to  the  elimination  of  13.5  mg  of 
stearyl  tartrate/kg  body-weight/24  h.  Continued  administration  of  stearyl 
tartrate  over  a  period  of  10  days  did  not  cause  any  reduction  in  its  rate  of 
metabolism.  'There  was  no  preferential  accumulation  of  labelled  stearyl  tar¬ 
trate  in  any  organs  or  in  adipose  tissue  over  the  period  of  these  experiments. 
The  rate  of  elimination  demonstrated  exceeded  the  rate  of  absorption,  so  that 
cumulation  would  not  be  expected  to  occur  (Frazer  et  al.,  1954a;  Frazer,  1955). 

The  absorption  of  olive  oil  containing  1  per  cent,  of  stearyl  tartrate  over 
a  period  of  3  hours  in  the  rat  was  compared  with  the  absorption  of  olive  oil 
alone  in  groups  of  10  rats.  The  average  absorption  in  the  two  groups  was 
88  per  cent,  and  86  per  cent,  respectively  after  administration  of  1.0  ml  of 
oil  intragastrically.  The  gross  and  microscopic  appearances  of  the  small 
intestine  were  normal  in  all  animals  (Frazer  et  al.,  1954b). 

Acute  toxicity 

Single  doses  of  up  to  5000  mg/kg  orally  and  up  to  2000  mg/kg  i.m.  of 
stearyl  tartrate  in  aqueous  or  oily  vehicle  were  administered  to  groups  of 
mice,  rats,  guinea-pigs,  rabbits  and  dogs.  Over  the  dosage  range  studied, 
no  abnormalities  were  detected  that  could  be  attributed  to  the  administration 
of  stearyl  tartrate  (Frazer  et  al.,  1954b). 

Short-term  studies 

Rat-  Groups  of  50  male  weanling  rats  were  fed  diets  containing  0, 

2.5  and  5  per  cent,  of  stearyl  tartrate.  Appearance,  behaviour  and  rate  of 
weight  gain  in  the  three  groups  showed  no  significant  difference  during  the 
rapid  growth  period.  At  15  months  no  significant  differences  were  found 
in  hepatic  and  renal  function  between  control  and  treated  groups.  Gross  and 
histonathological  examinations  of  the  main  organs  on  autopsy  revealed  no 
abnormalities  attributable  to  stearyl  tartrate  (Ahmad,  1953;  Frazer  et  al 
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Man.  Bread  was  fed  to  15  human  volunteers  for  a  periof  of  4  years. 

Ten  received  bread  containing  0.075  per  cent,  of  stearyl  tartrate  and  5 
received  untreated  bread.  No  difference  was  observed  between  the  groups 
with  regard  to  general  health,  appetite,  body-weight,  haemoglobin,  blood 
counts  and  urinary  constituents  (Frazer  et  al.,  1954b). 

Long-term  studies 

Mouse.  Four  groups  of  male  and  female  mice  were  fed  diets  containing 
either  57  per  cent,  of  untreated  bread,  or  57  per  cent,  of  bread  treated 
with  3.2  per  cent,  of  stearyl  tartrate,  or  diets  containing  3.2  per  cent, 
of  glyceryl  monostearate  or  3.2  per  cent,  of  stearyl  tartrate  plus  3.2  per 
cent,  of  glyceryl  monostearate.  Nine  generations  of  mice  were  studied. 

At  the  start  of  the  experiment  one  of  the  stearyl  tartrate  groups  developed 

an  infection  and  the  group  had  to  be  restocked;  however  a  further  9  genera¬ 

tions  were  produced  on  this  diet  without  any  difficulties.  No  significant 
difference  was  observed  between  the  groups,  in  regard  to  reproduction, 
lactation,  weight  gain  of  the  young,  general  health,  appearance  and  survival 
(Frazer  et  al.,  1954b). 

Rat.  Four  groups  of  10  male  and  10  female  rats  were  fed  diets  containing 

57  per  cent,  of  bread  either  untreated  or  treated  with  3.2  per  cent,  of  stearyl 

tartrate,  3*2  per  cent,  of  glyceryl  monostearate  or  3.2  per  cent,  of  stearyl 
tartrate  plus  3.2  per  cent,  of  glyceryl  monostearate.  These  diets  were  fed 
for  the  life  span.  The  appearance,  behaviour,  rate  of  weight  gain,  and 
general  health  of  these  animals  was  kept  under  close  observation.  At  the  end 
of  the  period  the  survivors  were  killed  and  autopsied.  The  main  organs  were 
examined  microscopically.  There  were  no  apparent  differences  in  tumour  incid¬ 
ence,  nor  other  pathological  changes  (Frazer  et  al.,  1954b). 

Four  groups  of  male  and  female  rats  were  fed  the  diets  described  above. 
Four  generations  of  rats  were  studied.  No  significant  difference  was  observed 
between  the  different  groups  in  regard  to  reproduction,  lactation,  rate  of 
weight  gain  of  young,  general  appearance  and  survival  (Frazer  et  al . ,  1954b). 

Groups  of  10  male  and  40  female  rats  were  fed  a  control  diet  and  diets 
containing  bread  treated  with  1  or  5  per  cent,  stearyl  tartrate.  The  second 
and  third  generations  of  animals  on  these  diets  were  followed  for  their  life 
span.  At  36  weeks,  there  was  no  significant  difference  in  body-weight  gain. 
Hepatic  function,  reproduction  and  lactation,  and  morbidity  or  mortality 
showed  no  significant  difference  between  the  three  groups.  When  killed  at 
the  end  of  two  years  no  statistically  significant  difference  was  found  between 
the  control  and  the  test  groups  with  regard  to  pathological  findings  or  tumour 
incidence  (Frazer  et  al.,  1954  b) . 
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Comments 

Stearyl  tartrate  has  been  extensively  studied  in  animals.  Metabolic 
studies  in  the  rat  revealed  that  it  is  poorly  absorbed  under  ordinary 
circumstances,  but  that  if  it  is  absorbed  it  can  be  metabolized  and  does  not 
accumulate  in  the  tissues.  There  exists  little  doubt  concerning  the  safety 
and  freedom  from  carcinogenic  hazard  of  stearyl  tartrate. 

Evaluation 

Acceptable  level  of  treatment 

Bread:  0-500  mg/kg  flour. 
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ACETIC  ACID,  GLACIAL 

Chemical  name 

Acetic  acid 

Empirical  formula 

C2H4°2 

Structural  formula 

CH3COOH 

Molecular  weieht 

60.05 

Definition 

Glacial  acetic  acid  contains  not  less  than  99.0  per 
cent.  ^H^Oj. 

Description 

A  colourless  liquid  or  crystalline  solid,  having 
a  pungent  characteristic  odour  and,  when  well 
diluted  with  water,  an  acid  taste. 

Uses 

As  acidifier,  flavouring  agent,  for  the  prevention 

of  rope  in  baking  and  as  a  solvent. 

Biochemical  aspects 

Biological  Data 

Acetate  enters  naturally  into  the  metabolism  of  the  body.  It  is 
absorbed  from  the  gastrointestinal  tract  and  through  the  lungs  and  almost 
completely  oxidized  by  tissues.  The  metabolic  pathways  are  reasonably 
well-known  and  involve  the  formation  of  ketone  bodies.  Isotope  experiments 
have  shown  the  various  C  atoms  to  be  utilized  in  the  formation  of  glycogen, 
intermediates  of  carbohydrates  and  fatty  acid  synthesis  as  well  as  choles¬ 
terol  synthesis.  In  addition  it  participates  in  the  acetylation  of  amines 
and  formation  of  proteins  of  plasma,  liver,  kidney,  gut  mucosa,  muscle  and 
brain  (von  Oettingen,  I960). 
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Acute  toxicity 


Animal 

Route 

LD50 

References 

(mg/kg  body-weight) 

Mouse 

oral 

(free  acid) 

4  960 

Woodard  et  al.,  1941 

Rat 

oral 

(free  acid) 

3  310 

Woodard  et  al.,  1941 

oral 

(sod.  acetate) 

3  530 

Smyth,  1951 

Rabbit 

rectal 
(free  acid) 

1  200  (LD,  1  hour) 

Dreyfus,  1920 

s  .c . 

1  200  (LD,48  hours) 

Dreyfus,  1920 

(free  acid) 

oral 

(free  acid) 

1  200  (LD,  6  days) 

Dreyfus ,  1920 

Toxic  effects  of  acetic  acid  are  due  to  its  irritant  properties  as 
well  as  its  effect  on  the  central  nervous  system  and  kidneys.  Large 
oral  doses  cause  narcotic  C.N.3.  depression  and  death  in  rats  and  mice 
(Woodard  et  al.,  1941). 

Short-term  studies 


Rat.  Groups  of  3-6  rats  were  given  0.01,  0.1,  0.25  and  0.5  per  cent, 
acetic  acid  in  drinking  water  for  periods  of  from  9-15  weeks.  Fluid  intake 
was  the  same  in  all  groups;  at  the  0.5  per  cent,  level  there  was  immediate 
progressive  reduction  in  body-weight  gain,  loss  of  appetite  and  fall  in 
food  consumption  to  27  per  cent.  Mortality  rate  was  unaffected  (Sollmann, 
1921).  In  another  experiment  groups  of  3-4  rats  survived  14  days  when  given 
1300  mg/kg  body-weight/day  free  acid  intragastrically  or  4200-4300  mg/kg 
body-weight  sodium  acetate,  but  only  3-5  days  on  daily  intragas  trie  2400 
mg/kg  body-weight  free  acid.  Animals  lost  weight  before  death  and  showed 
blistered  paws  and  reddened  noses.  No  autopsies  were  done  (Hemmingway  4 
Sparrow,  1942).  Intragastric  intubation  of  3  ml  of  10  per  cent,  solution 
acetic  acid  to  rats  for  90  days  produced  a  drop  in  haemoglobin  concentration 
and  erythrocyte  count  (Wysokinska,  1952). 


^  Swine.  Four  groups  of  2  young  pigs  were  fed  daily  diets  containing 

C,  ZIU,  721,  960  and  1200  mg/kg  body-ueight/day  for  successive  30-day 

periods  to  a  total  of  150  days.  There  were  no  significant  differences  in 

growth  rate,  weight  gain,  early  morning  urinary  ammonia  and  terminal  blood 

PH  between  controls  and  test  groups.  No  autopsies  were  done  (lamb  & 
award,  1919). 
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Long-term  studies 

No  animal  studies  are  available. 

About  1  g/day  of  acetic  acid  present  in  vinegar  and  other  items  of 
food  and  drink  has  been  consumed  by  man  for  centuries  apparently  without 
causing  any  adverse  effects.  However,  continued  ingestion  of  large  doses 
has  been  regarded  as  a  contributory  factor  in  the  development  of  Laennec 
type  of  liver  cirrhosis  (Singer,  1936). 

Conn^gjitg 

Acetic  acid  has  a  sufficiently  acid  tast  to  limit  the  amount  used  in 
foods.  Human  studies  determining  the  maximum  metabolic  load  of  acetate  are 
not  available.  In  evaluating  the  acceptance  of  acetic  acid,  emphasis  is 
placed  on  its  established  metabolic  pathways  and  its  normal  consumption  by 
man. 

Evaluation 

For  purposes  of  evaluation  all  sources  of  acetate  used  as  food 
additives  should  be  considered  together.  Since  acetic  acid  has  a  suffi¬ 
ciently  acid  taste  to  limit  the  amount  used  in  foods,  it  is  not  necessary 
to  indicate  acceptable  daily  intakes  for  man. 
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ADIPIC  ACID 

Chemical  name 
F^iyl plcnl  formula 

Structural  formula 


Molecular  weight 

Definition 

Description 

Use 

Biological  Data 

Biochemical  aspects 

Adipic  acid  is  oxidized  in  vitro  by  isolated  rat  liver  mitochondria 
(Lang  &  Bassler,  1953).  The  capacity  of  man  and  animals  to  utilize  adipic 
acid  is  limited  to  a  relatively  small  amount.  In  balance  studies ,  groups 
of  10  and  4  rats,  previously  fed  for  20—25  weeks  on  a  normal  diet  or  on 
an  adipic  acid  diet,  were  given  400  mg  or  BOO  mg  adipic  acid  daily  for  14  days. 
Both  groups  excreted  2.4-6  per  cent,  of  the  dose  independent  of  the  previous 
feeding  regime.  No  metabolite  of  adipic  acid  could  be  detected  in  the  urine 
(Lang  &  Bartsch,  1953). 

Four  rabbits  given  4-6  g  adipic  acid  excreted  57  per  cent,  of  the  dose  in 
the  urine  in  4  days  (Enders,  1941).  A  dog  given  a  total  of  23.1  g  of  disodium 
adipate  during  3  days  excreted  58  per  cent,  in  the  urine  (Verkade  et  al.,  1937). 
Man  could  metabolize  not  more  than  2-5  g  adipic  acid  per  day.  The  utilization 
increased  with  decreasing  dose  (Weitzel,  1941*,  Weitzel,  1947).  Small  amounts 
of  adipic  acid  have  been  frequently  found  in  the  normal  human  urine  (Hanson, 

1943).  Feeding  of  adipic  acid  to  man  did  not  influence  the  excretion  of 
oxalic  acid  (Kabelitz,  1943). 

Hats  given  250  mg/kg  body-weight  UC-l.belled  adipic  acid  oxidized  up 
to  70  par  cept.  of  the  dope  to  The  tissues  fro*  the  sacrificed  rats 

showed  very  little  radioactivity,  the  highest  activity  appearing  in  the  kidneys. 


Hexanedioic  acid;  1,4-butanedicarboxylic  acid 


C6H10°4 


C00H 


(i 


-H) 

I  2  ^ 
C00H 


146.14 

Adipic  acid  contains  not  less  than  99.6  per  cent,  and 
not  more  than  the  equivalent  of  101  per  cent,  of 

C6H10°4* 

Adipic  acid  occurs  as  white,  odourless  crystals  or 
crystalline  powder,  with  an  acid  taste. 

As  an  acidulant. 
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Some  adipic  acid  vas  excreted  in  the  urine;  in  addition  other  radioactive 
substances  (urea,  glutamic  acid,  citric  acid  and  0-keto  adipic  acid)  were 
found  in  the  urine  (Rusoff  et  al.,  I960). 

Acute  toxicity 


Animal 

Route 

^50 

(mg/kg  body-weight) 

References 

Mouse 

oral  (free  acid) 

1  900 

Horn  et  al.,  1957 

i.p.  (disodiua 
salt) 

4  000 

Rhone-Poulenc ,  1965 

Rat 

i.p.  (free  acid) 

275 

Horn  et  al.,  1957 

Short-term  studies 

Rat.  Repeated  large  doses  of  638-1332  mg/kg  body-weight,  when  given 
to  immature  rats,  depressed  the  rate  of  weight  gain  (Foulger,  1943).  Five 
young  rats  given  2430  mg/kg  body-weight  daily  for  4  weeks  gained  the  same 
weight  as  controls.  Three  adult  rats  fed  the  same  dose  for  a  similar 
period  of  time  maintained  steady  body-weight,  appeared  healthy  and  had  a 
normal  blood  urea  level  at  the  end  of  the  experiment.  Analysis  of  the 
body  lipids  showed  no  retention  of  adipic  acid  in  the  body  (Enders,  1941). 

Groups  of  18  young  male  rats  were  fed  0,  200,  400  and  800  mg  adipic 
acid  per  rat  per  day  for  5  weeks.  The  highest  level  produced  significant 
growth  depression  with  severe  diarrhoea  in  the  first  2-3  weeks.  In  another 
experiment  groups  of  15  male  and  female  young  rats  were  fed  0,  400  and 
800  mg  per  rat  per  day  of  adipic  acid  for  33  weeks.  Toxic  effects  i.e. 
apathy,  change  in  the  fur,  severe  diarrhoea,  growth  depression  and  high 
mortality  rate  occurred  especially  in  the  first  weeks  of  the  experiment  at 
the  highest  level  only.  Histopathological  examination  of  the  animals 
showed  no  abnormalities  at  levels  of  0  and  400  mg/day.  At  the  highest 
level  enlarged  hepatic  nuclei  and  polynucleated  cells,  with  increased  number 
and  size  of  Kupffer  cells,  were  observed.  The  gut  showed  chronic  inflammatio 
with  much  regenerative  activity  and  mucosal  damage.  In  a  third  experiment, 
a  protein-deficient  diet  was  given  together  with  0,  50,  100,  200  and  400  mg 
oer  day  for  19  weeks.  At  the  highest  level  mortality  rate  was  increased  and 
growth  signif icar.tly  depressed  (Lang  &  Bartsch,  1953). 
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Rabbit.  Slight  nephropathic  action  was  demonstrated  in  fasting 
rabbits  given  2  or  4  disodium  adipate  by  s.c.  injection.  Phthalein  dye 
excretion  was  slightly  reduced  and  urinary  non-protein  nitrogen  and  creatinine 
were  raised  for  48  hours  after  injection  (Rose  et  al.,  1925). 


Long-term  studies 

Rat.  Groups  of  20-39  male  and  female  rats  received  0,  0.1,  1,  3  and  5 
per  cent,  adipic  acid  for  2  years.  Body-weight  was  initially  depressed 
significantly  in  males  at  the  3  per  cent,  and  5  per  cent,  levels  and  the 
5  per  cent,  group  had  the  lowest  weights  and  slightly  reduced  food  consumption. 
There  was  no  significant  difference  in  survival  among  the  various  test  groups 
from  controls.  Autopsy  findings  and  tumour  incidence  were  not  significantly 
different  from  controls  and  on  histopathological  examination  the  major  organs 
were  found  normal  (Horn  et  al.,  1957).  Data  concerning  the  reproduction  of 
the  animals  are  not  given  in  the  paper. 

Comments 


The  long-term  studies  are  satisfactory  but  were  carried  out  in  one 
species  only.  Reproduction  was  not  investigated  in  these  experiments,  though 
a  short-term  experiment  showed  no  apparent  deleterious  effect.  Parenterally 
administered  disodium  adipate  appears  to  be  nephrotoxic  to  the  rabbit. 

Evaluation 

Level  causing  no  toxicological  effect 

Rat.  10  000  ppm  in  the  diet,  equivalent  to  500  mg/kg  body-weight/day. 
Estimate  of  acceptable  daily  intake  for  man 


Conditional  acceptance 
Further  work  reouireri 


mg/kg  body-weight 

0-5 


Studies  of  kidney  function  in  man. 
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MONOCALCIUM  PHOSPHATES 


Synonym 


Monobasic  calcium  phosphates 


Empirical  formula  (1)  CaCH^PO^^ 


(2)  Ca(H_PO,)_.H  0 


2  4'2  2 


Molecular  weight  (1)  234.05 


(2)  252.08 


Definition 


Mvvnocalcium  phosphates  contain  approximately  80  per 
cent,  of  the  monobasic  salt,  the  balance  consisting 
mostly  of  the  dibasic  salt.  They  contain  not  less 
than  16.4  per  cent,  and  not  more  than  17.9  per  cent. 


Ca,  and  not  less  than . per  cent,  and  not  more  than 


.  per  cent,  phosphate  expressed  as  P  (data  to 

be  supplied  by  manufacturers  on  the  basis  of  the 


analytical  range  found  in  the  product  in  practice. 


Description 


This  product  occurs  as  white  crystals  or  granules 
or  as  granular  powder. 

As  buffer,  firming  agent,  leavening  agent,  texturing 
agent  and  in  fermentation  processes. 


Uses 


Evaluation 


The  toxicological  evaluation  of  phosphates  was  discussed  at  length 
in  the  oeventh  Report  of  the  Joint  FA0/WH0  Expert  Committee  on  Food  Additives. 
It  was  decided  that  phosphate  as  an  additive  should  be  related  to  the  total 
dietary  phosphate  intake.  Furthermore,  the  phosphate  intake  should  be 
related  to  calcium  intake.  Clearly  this  latter  point  is  without  significance 
if  the  additive  is  itself  the  calcium  salt  of  phosphoric  acid.  So  far  as  the 
use  of  monocalcium  phosphate  as  an  additive  is  concerned  the  phosphate  and 
calcium  moieties  should  be  added  to  the  respective  total  P  and  Ca  loads. 

Limits  for  the  P  load  were  given  in  the  Seventh  Report.1 
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CITRIC  ACID 


Chemical  name  Citric  acid;  2-hydroxy-l,2,3-propanetriearboxylic 

acid;  P-hydroxytricarballylic  acid 

Empiric^  formula  (a)  C6HgO?  (anhydrous)  (b)  C^O  .H20  (monohydrat 


Structural  formula 


Molecular  weight 


(a) 

CHn-C00H 

HC-C-COOH 

CHn-C00H 


(a)  192.13 


(b) 

CH_-C00H 
I  2 

HO-C-COOH  -H20 

ch2-cooh 

(b)  210.15 


Definition  Citric  acid  aay  be  anhydrous  or  it  aay  contain  one 

molecule  of  water.  Citric  acid  contains  not  less 
than  99.5  per  cent,  of  C^HgQ^,  calculated  on  an  an¬ 
hydrous  basis. 


Description 


Citric  acid  is  a  white  or  colourless,  odourless, 
crystalline  solid. 


Biological  Data 

Biological  data  are  given  in  the  Sixth  Report  of  the  Joint  FAO/WHO 
Expert  Committee  on  Food  Additives  (FAO/WHQ,  1962) . 

Re-evaluation 

The  Committee  considered  that  citric  acid  and  its  calcium,  potassiua 
and  sodium  salts  do  not  constitute  a  significant  toxicological  hasard  to 
man. 

Evaluation 

Not  limited. 

REFERENCE 

FA0/WH0  (1962)  FAQ  Nutrition  Meetings  Report  Series.  No.  31;  Wld  Hlth  Org. 
techn.  Rep.  3er. ,  228 
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FUMARIC  ACID 


Chemical  names 


Trans-butenedioic  acid;  Trans-l,2-ethylenedicarboxylic 
acid 


Kmpirical  formula  C^H  0^ 
Structural  formula 


HOOC-CH 

Hh-COOII 


Molecular  weight 

Definition 

Description 

Uses 


116.07 

Fumaric  acid  contains  not  less  than  99  per  cent. 

WV 

Fumaric  acid  occurs  as  white  odourless  granules,  or 
as  a  crystalline  powder  with  a  characteristic  acid 
taste. 

As  an  acidulant  and  flavouring  agent. 


Biological  Data 

Biochemical  aspects 

Fumaric  acid  is  a  normal  constituent  of  tissues  as  an  intermediate  in 
the  tricarboxylic  acid  cycle.  Distribution  of  fumaric  acid  in  rat  tissue 
has  been  studied  by  partition  chromatography  and  it  was  found  that  blood 
contained  3  mg/1,  brain  tissue  150  mg/kg,  kidney  tissue  95  mg/kg,  liver 
73  mg/kg  and  muscle  23  mg/kg  (Marshall  et  al.,  1949). 

The  laxative  effect  of  furaarates  was  studied  in  mice  by  determining 
the  dose  which  shortened  the  average  time  before  soft  faeces  appeared  after 
oral  administration.  433.2  mg  magnesium  fumarate  or  432  mg  disodium  fumarate 
shortened  the  average  time  by  40  per  cent.  If  the  appearance  of  charcoal 
marker  was  taken  as  a  guide,  15  per  cent,  shortening  of  appearance  time  was 
effected  by  343.6  mg  magnesium  fumarate  or  640  mg  disodium  fumarate  (Locke 
et  al.,  1942).  Twenty-six  constipated  patients  suffering  from  a  variety 
of  chronic  diseases  not  involving  the  gastrointestinal  tract  were  given  oral 
doses  of  5-30  g  sodium  fumarate,  a  satisfactory  bowel  motion  resulting  in 
Id  patients.  There  was  much  variability  of  response  to  a  given  dose  between 
parents  and  in  the  same  individual.  Doses  above  15  g  caused  unpleasant 

side  effect  Do  abnormalities  were  noted  in  the  urine  or  serum,  non-protein 
nitrogen  j.eve.  (Bod  an  sky  et  al.,  1942). 
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iaiia-lasisiki 


Animal 

Route 

LD50 

(mg/kg  body- we ight) 

References 

Rat 

Rabbit 

oral  (sod.  fum&rate) 
oral  (disod.  fumarate) 

approx.  8  000 

approx.  3  600 

4  800 

Levey  e  t  al . ,  1946 
Locke  et  al.,  1942 
Weiss  et  al.,  1923 

Skor  g 


Guinea-pi;?.  Sight  animals  vere  maintained  on  a  diet  containing  0  per 
cent,  and  10  on  a  diet  containing  1  par  cent,  fumaric  acid  for  one  year  with¬ 
out  any  idvarsa  effect  on  growth.  The  second  generation  from  four  mated 
anixtals  was  treated  similarly  without  any  adverse  effect  noted  regarding 
growth,  fertility  or  lactation  (Levey  at  al . ,  1946). 

BaiMt.  Each  of  five  rabbits  received  i.v.  injections  of  50-500  mg/kg 
sodium  itraarate  eveiy  second  or  third  day  for  10-32  days  without  any  injurious 
effect  or.  blood  levels  of  non-protein  nitrogen  or  creatinine,  phenolsulfoph- 
thalain  excretion,  or  kidney  and  liver  histology  (Bodansky  at  al.,  1942). 

Sis.  rabbits  received  twice  weekly  i.p.  injections  of  60  mg /kg  body-weight  of 
so-iirut  fwcarate  ever  17-29  i»eck*.  Swelling  and  congestion  of  the  thyroids 
KS.il  -trophy  of  testas,  with  lew  h7a.luronido.3r  content,  vere  found  (Aral  & 
St.ehlro ,  1953) •  A  further  nir.e  jale  rabbits  received  SO  mg/kg  body -weight 
sodium  fuaarate  every  second  day  by  i.p.  injection  for  150  days.  By  the  end 
of  the  ‘‘eat  period,  gcntdocropio  nativity  of  the  serum,  a3  veil  as  oestrogenic 
activity,  was  detected.  There  was  progressive  testicular  atrophy  in  all 
animals,  resulting  In  disappearance  of  seminiferous  epithelium  and  survival 
of  Sertoli  calls  only.  Chromophobe  cells  were  increased  in  the  pituitary 
(Arni  et  al.,  1955). 

Fourteen  rabbits  were  fed  520—2080  mg/kg  body— weight  of  di sodium  1 uraaiats 
daily  for  28  days  without  ar.y  deaths.  A  further  six  rabbits  received 
238C-3680  mg/kg  body-weight  for  17  days  with  three  deaths.  Two  rabbits  were 
fed  a  daily  diet  containing  64O  mg/kg  body-weight  for  36  days  without  consis¬ 
tent  adverse  effect  oc  br>dy-ue ight ,  haematology,  non-protein  nitrogen  or 
creatinine  levels,  or  histopathological  finaing3  (Locke  et  al.,  1942).  In 
another  experiment,  four  groups  of  15  rabbits  were  fed  diets  containing 
0  or  6.9  per  cent,  sodium  fumarate  (equivalent  to  5  per  cent,  fumaric  acid^ 
for  150  days.  There  ware  no  significant  differences  from  control?  in  body- 
weight  gain,  food  consumption,  mortality  rate,  blood  counts,  blood  sugar, 
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non-protein  nitrogen  level  and  urine.  Organ  weights  were  not  significantly 
different  between  the  groups  and  histologic  examination  showed  no  adverse 
findings  attributable  to  the  diet.  In  particular,  spermatogenesis  and 
testicular  structure  were  unaffected  (Packman  et  al.,  1963). 

Dog.  Fumaric  acid  was  fed  to  four  groups  of  6  young  dogs  at  0,  1,  3 
and  5  per  cent,  of  the  diet  for  two  years  without  adverse  effect  on  body- 
weight  gain,  development,  haematology,  blood  sugar  and  urea  levels,  haemo¬ 
globin  and  urine.  Organ  weights  and  gross  and  histopathological  examination 
of  all  principal  organs  and  tissues  revealed  no  effects  attributable  to  the 
treatment  (Harrisson  &  Abbott,  1962). 

Man.  Seventy-five  chronically  disabled  subjects  ranging  in  age  from 
29-91  years  received  500  mg  fumaric  acid  daily  for  one  year  without  any 
toxic  manifestations  in  haemoglobin  level,  RBC  and  WBC,  non-protein  nitrogen 
level,  creatinine  level,  bromosulfonphthalein  excretion  and  phenolsulfon- 
phthalein  excretion  (Levey  et  al.,  1946). 

Long-term  studies 

Rat.  Eight  groups  of  14  weanling  rats  were  kept  on  diets  containing 
0,  0.1  and  1.0  per  cent,  fumaric  acid  and  1.38  per  cent,  sodium  fumarate  for 
one  year  (half  the  groups)  or  two  years.  No  adverse  effect  was  noted  on 
rate  of  weight  gain,  haemoglobin,  blood  picture,  calcium  balance  as  shown  by 
bone  histology,  or  on  the  histology  of  liver,  kidney,  spleen  and  stomach 
(Levey  et  al.,  1946). 

In  another  experiment  five  groups  of  12  male  and  12  female  rats  were  fed 
diets  containing  0,  0.1,  0.5,  0.8  and  1.2  per  cent,  of  fumaric  acid  for  2  years 
without  toxic  effects  on  growth  or  food  consumption.  A  further  four  groups 
of  12  male  rats  were  kept  for  2  years  on  diets  containing  0,  0.5,  1.0  and  1.5 
per  cent,  fumaric  acid.  Only  at  the  1.5  per  cent,  level  was  there  a  very 
slight  increase  in  mortality  rate  and  some  testicular  atrophy.  Gross  and 
microscopic  examination  of  major  organs  revealed  no  abnormalities  and  tumour 
incidence  was  not  significantly  different  between  the  groups  (Fitzhugh  & 

Nelson,  1947). 

Comments 

Fumaric  acid  is  a  normal  component  of  intermediary  metabolism.  A 
human  intake  of  500  rag  per  day  over  one  year  had  no  apparent  deleterious 
effects.  Gonadal  effects  in  male  animals  were  reported  on  ir.traperitoneal 
administration  of  high  doses,  and  should  be  investigated  further. 


-  138  - 


Evaluation 


This  is  based  on  the  rat,  bearing  in  mind  the  2-year  study  in  the 

dog. 

Level  causing  no  toxicological  effect 

Rat.  1.2  per  cent.  =  12  000  ppm  of  fumaric  acid  in  the  diet,  equivalent 
to  600  mg/kg  body-weight  per  day.  1.38  per  cent.  =  13  800  ppm  of  sodium 
fumarate  in  the  diet  equivalent  to  690  rag/kg  body-weight  per  day. 

Man.  500  rag  per  day,  equivalent  to  10  mg/kg  body-weight  per  day. 

Estimate  of  acceptable  daily  intakes  for  man 


mg/k r  body-weight 


Unconditional  acceptance 
Conditional  acceptance 


0-6 

6-10 
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GLUCONO-DELTA-LACTONE  (GLUCONIC  ACID) 

Del tagluc  onolac  tone 

Glucono-delta-lactone;  D-gluconic  acid tAlac tone 


H-{-0H 

HO-C-H  0 

H-C-OH 
H-C — - ' 

in  OH 


178.  U 

A  fine,  white,  nearly  odourless,  crystalline  powder 
with  a  sweet  taste  and  an  acid  after- taste. 

Biological  Data 

Biochemical  aspects 

Glue ono-delta— lactone ,  in  an  aqueous  medium,  readily  forms  an  equilibrium 
mixture  of  the  lactone  and  gluconic  acid.  These  are  intermediates  in  the 
oxidation  of  glucose  through  the  pentose  phosphate  cycle,  which,  while  not 
the  main  pathway  of  glucose  metabolism,  is  well  recognized. 

When  three  men  were  given  10  g  (167  mg/kg)  of  glucono-delta-lactone  orally 
as  a  10  per  cent,  solution,  the  amounts  recovered  in  the  urine  in  7  hours 
represented  7.7-15  per  cent,  oi  the  dose.  No  pathological  urine  constituents 
were  noted.  When  5  g  (84  mg/kg)  was  given  orally  none  was  recovered  in  the 
urine.  The  largest  dose  given  to  man  was  30  g  (500  mg/kg)  (Chenoweth  et  al., 
1941) . 

Acute  toxicity 


Animal 

Compound 

Route 

LD50 

(mg/kg  body-weight) 

References 

Rabbit 

Sodium  gluconate 

i.v. 

7  630 

Gajatto,  1939 

Synonym 
Chemical  name 
Kmpirlcal  formula 

Structural  formula 


Molecular  weight 

Description 
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»txe  administration  for  3-6  day3  of  large  oral  doses  (5-10.  g/day)  of 
gluconic  acid  to  five  normal  humans  did  not  produce  any  renal  changes,  as 
shown  by  the  absence  of  blood,  protein,  casts  and  sugar  in  the  urine 
(Chenoweth  et  al.,  1941). 

Short-term  studies 

Hat.  Groups  of  20  male  and  20  female  rats  were  fed  gluconic  acid  (as 
glue  on  o-delta-lac  tone)  for  26  weeks  at  levels  of  0  and  10  000  ppm  in  the 
diet  without  ill  effects  or  demonstrable  changes  in  the  main  organs  on 
microscopic  examination  (Harper  &  Gaunt,  1962). 

LsafctsCT..f^ies 

No  data  are  available. 

Evaluation 

Consideration  of  glucono-delta-lactone  and  gluconic  acid  is  based  mainly 
on  the  metabolic  evidence  that  these  compounds  are  intermediates  in  a  normal 
pathway  of  glucose  metabolism  in  mammalian  species.  There  is  also  considerable 
experience  with  the  comparatively  low  toxicity  of  gluconate  to  m/m  and  animals. 

Estimate  of  acceptable  dally  -noa*es  for  man 

mg/kg  body-weight 

Unconditional  acceptance  0-15 

Conditional  acceptance  15-50 

REFERENCES 
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HYDROCHLORIC  ACID 


Cham-ical  name 
Empirical  formula 

Molecular  weight 

Definition 


Description 


Hydrochloric  acid 

HC1 

36.46 

Hydrochloric  acid  contains  not  less  than  the  minimum 
amount  of  hydrogen  chloride  specified. 

NOTE  -  Hydrochloric  acid  produced  during  the  manufacture 
of  chlorinated  hydrocarbon  insecticides  is  not  considered 
to  be  of  food  grade  quality  and  is  not  suitable  for  use 
in  food  processing. 

Hydrochloric  acid  is  a  colourless  liquid 5  it  has  a 
pungent  odour  if  the  concentration  is  about  25  per  cent. 
When  well  diluted  with  water  it  has  an  acid  taste. 


Use 


As  an  acidulant. 


Biological  Data 

Biochemical  aspects 

The  constituent  ions  of  hydrochloric  acid  are  normal  participants  in 
animal  and  human  metabolism  and,  per  se.  of  no  toxicological  significance. 
Toxicological  considerations  are  involved  either  in  the  purely  local  action  of 
the  corrosive  acid  or  in  the  effects  of  the  addition  of  large  quantities  of 
either  hydrogen  or  chloride  ions  to  the  electrolyte  pool  of  the  body.  The 
hydrolytic  action  of  hydrochloric  acid  on  food  substances  is  similar,  in  prin- 
ciple,  to  that  of  the  acid  occurring  in  normal  gastric  juice.  In  addition, 
hydrochloric  acid  regulates  the  pepsin  activity  of  gastric  juice  (LeVeen, 
1947).  Physiological  investigations  also  ascribe  to  hydrochloric  acid  a 
role  in  controlling  the  tone  of  the  pylorus,  and  thus  the  rate  of  gastric 
emptying,  as  well  as  the  amount  of  acid  secretion  in  the  stomach. 

Acute  toxicity 


Animal 

Route 

LD50 

(rag/kg  body-weight) 

References 

Rabbit 

Intragastric 

900 

Loewy  3c  Munzer,  1923 

No  formal  acute  toxicity  tests  are  available.  Oxygen  consumption  and 
carbon  dioxide  production  in  rabbits  given  half  the  LD1Q0  showed  a  variable 
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but  definite  reduction  for  at  least  24  hours,  considerably  beyond  the  probable 
period  necessary  for  recovery  from  the  acidotic  effect  of  the  acid  ingestion, 
thus  pointing  to  a  systemic  metabolic  effect  in  corrosive  acid  poisoning 
(Loevy  &  Munzer,  1923) 

The  effect  in  man  of  accidental  or  suicidal  intake  of  concentrated 
35-40  per  cent,  hydrochloric  acid  are  well  known  and  there  are  numerous  reports 
in  the  medical  literature.  Intakes  of  300  ml  concentrated  hydrochloric 
acid  appear  to  be  fatal  (Kremser,  1957)  but  persons  having  swallowed  20-100  ml 
have  been  reported  to  recover  (Franzen,  1957;  Hangleiter,  1939;  Koberg,  1954; 
Kremser,  1957;  Stratford,  1920;  Tucker  &  Gerrish,  I960).  Similar  recoveries 
after  making  large  quantities  of  dilute  acid  (120  and  180  ml)  have  been  reported 
(Marks  et  al.,  1963). 

Short-term  studies 

Rat.  Groups  of  10-60  rats  were  fed  for  16  days  on  basal  diets  and 
drinking  water  containing  0.3  per  cent,  acid,  0.3  per  cent,  acid  plus  20  per 
cent,  pepsin,  and  20  per  cent,  inactivated  pepsin  plus  0.3  per  cent.  acid. 

One  set  of  groups  was  fasted  for  49  hours  before  being  allowed  access  to  food 
and  fluid  on  the  third  day  and  this  cycle  was  repeated  5  times.  All  groups 
receiving  acid  in  their  drinking  water  developed  peptic  ulcer-like  lesions  if 
subjected  to  fasting,  but  no  lesions  were  seen  in  the  non-fasting  group  on 
0.3  per  cent,  acid  and  the  control  groups.  Histologically  there  was  focal 
gastric  submucosal  oedema  with  extension  to  the  epithelium  and  muscle  layer  with 
inflammatory  cellular  infiltration  and  ulceration  (Matzner  &  Windwer,  1937). 

Observations  in  man 

Prolonged  exposure  to  low  concentrations  of  gaseous  hydrochloric  acid 
leads  to  erosion  of  teeth;  exposure  to  acid  mist  produces  bleeding  nose  and 
gums  with  ulceration  of  oral  and  nasal  mucosa  and  tender  facial  skin  (Patty, 

1962). 

Comments 

In  concentrations  approaching  the  physiological  pH  of  gastric  juice 
hydrochloric  acid  is  probably  of  no  toxicological  significance. 

Evaluation 

There  appears  to  be  no  need  to  limit  on  toxicological  grounds  the  use 
of  hydrochloric  acid  in  accordance  with  good  manufacturing  practice. 
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LACTIC  ACID 

Chemical  nama 

Empirical  formula 

Structural  formula 

Molecular  weight 

Definition 


Description 

Use 

Biological  Data 

Biochemical  aspects 

L(+)-lactate  is  a  normal  intermediary  of  mammalian  metabolism.  It 
arises  from  glycogen  breakdown,  from  amino  acids  and  from  dicarboxylic  acids, 
e.g.  succinate.  Other  sources  of  production  are  muscular  contractile  activity, 
and  liver  and  blood  metabolism.  Some  micro-organisms  specifically  produce 
lactic  acid  as  main  product  of  the  metabolism;  L.  delbrueckii  produces 
L(+)-lactic  acid,  the  physiological  isomer,  and  L.  leichmanil.  the  D(-)-isomer. 

Various  groups  of  rats  were  killed  3  hours  after  the  administration  of 
L(+),  D(-)  or  DL-lactic  acid  (1700  mg/kg)  orally  or  by  s.c.  injection. 

The  L(+)-isoraer  produced  the  largest  rise  in  liver  glycogen;  40-95  per  cent, 
of  the  L(+)-lactate  absorbed  in  3  hours  being  converted;  practically  none 
was  formed  from  the  D(-)-isomer.  D(-)-lactate  produced  the  highest  blood 
lactate  level  and  30  per  cent,  of  the  amount  absorbed  was  excreted  in  the 
urine;  no  L(+)-lactat.e  was  found.  D(-)-lactate  was  utilized  four  times 
more  3lowly  but  both  D(-)  and  L(+)-isomers  were  absorbed  at  the  same  rate  from 
the  intestine  (Cori  Sc  Cori,  1929).  The  absorption  of  sodium  Dl— lactate  from 
the  intestine  of  groups  of  6  male  and  female  rats  was  determined  at  1,  2,  3 
and  4  hours  after  oral  feeding  of  215  mg/kg  body-weight  of  material.  The 


DL-2-hydroxy  propionic  acid;  DL-l-hydroxye thane 
carboxylic  acid 

C3H6°3 


CH  -LcOOH 
*  OH 


90.08 

Commercial  products  contain  lactic  acid  and  water  and 
may  contain  lactic  anhydride  in  the  more  concentrated 
solutions.  The  total  acid  content,  calculated  as 
^7^6^3  no^  ^8SS  than  95  per  cent,  and  not  more  than 
105  per  cent,  of  the  amount  specified. 

A  colourless  or  yellowish,  nearly  odourless  liquid 
with  an  acid  taste. 

As  an  acidulant. 
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rate  of  absorption  decreased  with  time  and  was  roughly  proportional  to  the 
amount  of  lactate  present  in  the  gut.  Slow  evacuation  of  the  stomach 
limited  the  rate  of  absorption  in  some  animals  (Cori,  1930).  At  blood 
levels  over  200-250  mg  per  cent,  lactate,  rabbits  showed  excitation,  dyspnoea 
and  tachycardia  (Collazo  et  al.,  1933). 

After  oral  administration  to  a  human  subject  of  1-3000  mg  lactate, 

20-30  per  cent,  was  excreted  in  the  urine  during  14  hours  (Fiirth  &  Engel, 

1930). 

When  sodium  DL- lactate  was  given  i.v.  to  starving  dogs,  7-40  per  cent, 
was  recovered  in  the  urine,  none  was  found  in  the  faeces  (Abramson  &  Eggleton, 
1927).  Rabbits  were  given  orally  600-1600  mg/kg  body-weight  of  racemic 
lactic  acid.  Most  animals  died  within  3  days.  Urinary  excretion  varied 
between  0.26  per  cent,  and  31  per  cent.  Alkalosis  did  not  affect  the 
excretion  (Furth  &  Engel,  1930). 

In  vitro  studies  have  shown  that  mammalian  tissue  produces  only 
L(+)-lactate  although  some  tissues  can  oxidize  both  isomers.  Rat  liver 
tissue  used  almost  entirely  L(+)  and  practically  no  D(-)-isomer,  as  measured 
by  oxygen  consumption  and  carbohydrate  synthesis.  Rat  kidney  tissue  used 
a  definitely  measurable  amount  of  D(-)— isomer.  Grey  matter  of  rat  brain  was 
unable  to  utilize  the  D(-)-isomer.  L(+)-lactate  stimulated  oxygen  consumption 
and  CO2  production  of  all  rat  tissues;  similarly  D(-)-lactate  slightly  stimu¬ 
lated  respiration  of  liver  and  heart  but  not  brain  tissue.  Similar  effects 
occurred  in  duck  tissue.  Heart  tissue  is  able  to  utilize  both  isomers  almost 

equally  well.  ^C-L(+) -lactate  produces  more  rapidly  than  D(-)-lactate 

in  the  intact  rat  although  the  D(-)  form  is  fairly  well  metabolized.  After 
2  hours,  both  isomers  are  oxidized  at  equal  rates  (Brin,  1964).  More  recent 
studies  have  defined  the  cell  sites  for  metabolizing  the  isomers  in  micro¬ 
organisms  and  higher  animals  and  identified  the  pathways  in  normal  animals, 
cattle  with  D(-)  lactacidosis  and  mentally  ill  patients  (Brin,  1964). 

L(+) -lactate  was  oxidized  3-5  times  as  rapidly  as  D(-)-lactate  by  duck  and 
rat  heart  and  liver  slices  and  10-20  times  as  rapidly  by  brain  slices,  using 
C  labelled  substrate,  as  shown  by  oxygen  consumption  and  1^C02  production. 

The  D(-)— isomer  was  used  equally  as  well  as  the  L(+)-isomer  by  duck  and  rat 

heart  slices,  two-thirds  as  well  by  brain  and  one-third  as  well  by  duck  and  rat 

liver  and  duck  brain.  High  utilization  of  D(-)-isomer  requires  special 
metabolic  pathways  (Brin  et  al.,  1952). 
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Acute  toxicity 


Animal 

Route 

LD50 

(mg/kg  body-weight) 

References 

Rat 

i.p.  (Sod.  lactate) 

2  000 

ftho/ie-Poulenc ,  1965 

oral  (lactic  acid) 

3  730 

Smyth  et  al.,  1941 

Guinea-pig 

oral 

1  810 

Smyth  et  al.,  1941 

Mouse 

oral 

4  875 

Fitzhugh,  1945 

Hats  have  been  elated  to  survive  2000-4000  mg/kg  body-weight  administered 
s.c.  Mice  were  killed  oy  subcutaneous  doses  of  2000-4000  mg/kg  body-weight 
whether  or  not  alkalosis  was  present  (Fiirth  &  Engel,  1930).  In  man, 
accidental  intraduoderial  administration  of  100  ml  33  per  cent,  lactic  acid 
was  fatal  within  12  hours  (Leschke,  1932).  Other  workers  quote  an  adult 
human  maximum  tolerated  dose  of  1530  ng/kg  body-weight  (Nazario,  1952). 

Short-term  studies 

Bird.  Feeding  of  10  per  cent,  lactic  acid  has  been  blamed  for  the 
development  of  polyneuritic  crises  resembling  deficiency  on  diets  rich  in 
carbohydrates,  proteins  or  fats  (Lecoq,  1936). 

Rat.  Groups  of  2  animals  received  daily  doses  of  1000  and  2000  mg/kg 
body-weight  of  sodium  lactate  (as  lactic  acid)  over  14-16  days.  Body  analyses 
showed  no  cumulation  (Fiirth  &  Engel,  1930). 

Dog.  Two  dogs  received  600-1600  mg/kg  body-weight  of  lactic  acid  orally 
42  times  during  2.5  months  without  ill  effects  (Faust,  1910). 

Infants.  Forty  full-term  newborn  infants  were  given  a  commercial  feeding 
formula  containing  0.4  per  cent.  BL-lactic  acid.  No  effect  was  observed  on 
the  rate  of  weight  gain,  from  the  second  to  the  fourth  week  of  lile  (Jacobs  & 
Christian,  1957). 

Healthy  babies  were  fed  milk  formulae  acidified  with  0.4-0. 5  per  cent. 
DL-lactic  acid  for  periods  of  10  days,  during  the  first  3  months  of  their  life. 

An  increase  in  the  titrable  acidity  of  the  urine  and  lowering  of  urinary  pH 
was  observed.  Babies  on  "milk  rich"  formula  (4/5  milk  mixture)  excreted  twice 
as  much  acid  in  the  urine  as  babies  on  diets  containing  less  milk  and  approxi¬ 
mately  33  per  cent,  developed  acidosis.  Clinical  manifestations  were:  decrease 
in  the  rate  of  body-weight  gain  and  decrease  in  food  consumption.  On  replacing 
the  acidified  diet  with  "sweet  milk"  diet  these  effects  were  reversed  very 
rapidly  (Droese  &  Stolley,  1962). 


-  147  - 


'-men  0.35  per  cent.  DL-lactic  acid  was  administered  to  healthy  babies 
from  the  tenth  to  the  twentieth  day  of  life,  a  three-fold  increase  in  the 
urinary  excretion  of  the  physiological  L(+)-lactic  acid  and  a  twelve-fold 
increase  in  the  D(-)-lactic  acid  was  observed.  On  withdrawing  lactic  acid 
from  the  diet  the  level  of  lactic  acid  excreted  in  the  urine  returned  to 
normal.  Since  the  racemic  mixture  used  consisted  of  80  per  cent,  of  the 
L(+)  and  20  per  cent,  of  the  D(-)  forms  it  seems  that  the  metabolism  of  the 
D(-)  form  by  the  young  full-term  baby  is  more  difficult  than  the  L(+)  form. 

The  increase  in  the  urinary  excretion  of  either  form  of  lactic  acid  indicated 
that  the  young  infant  cannot  utilize  lactic  acid  at  a  rate  which  can  keep  up 
with  0.35  per  cent,  in  the  diet.  A  number  of  babies  could  not  tolerate  lactic 
acid.  In  such  cases  there  was  rapid  loss  of  weight,  frequent  diarrhoea,  reduc¬ 
tion  of  plasma  bicarbonate  and  increased  excretion  of  organic  acids  in  the  urine. 
All  these  effects  were  reversed  on  withdrawing  lactic  acid  from  the  diet  (Droese 
&  Stolley,  1965). 

Long-term  studies 

No  animal  studies  are  available. 

Man  has  consumed  meat  and  other  items  of  food  containing  lactates  for 
centuries,  apparently  without  any  adverse  effects. 

Comments 

In  evaluating  lactic  acid,  emphasis  is  placed  on  its  well-established 
metabolic  pathways  after  normal  consumption  in  man.  It  is  an  important  inter¬ 
mediate  in  carbohydrate  metabolism.  However,  human  studies  determining  the 
maximum  load  of  lactate  are  not  available.  There  is  some  evidence  that  babies 
in  their  lirst  three  months  of  life  have  difficulties  in  utilizing  small  amounts 
of  DL  and  D(-)-lactic  acids. 

Evaluation 

Lactic  acid  has  a  sufficiently  acid  taste  to  limit  the  amount  used  in  food. 
Estimate  of  acceptable  daily  intake  of  LM-isomer 

Mo  limit  need  be  set  for  the  acceptable  daily  intake  for  man  of  the 
L(+)-isomer  of  lactic  acid. 

Estimate  of  acceptable  daily  intakes  for  man  nf  pf-Uianmer 

mg/ kg  bodv-weight 


conditional  acceptance 


0-100 


Limitations  of  use 


Neither  the  D(-)  nor  DL-Lactic  acid  should  be  added  to  food  for  very 
young  infants ,  except  for  therapeutic  purposes. 

For  adults  the  acceptable  daily  intake  of  DL-lactic  acid  is  calculated 
from  the  D(-)-lactic  acid  content. 

Further  work  reouired 

Metabolic  studies  on  the  utilization  of  D(-)  and  DL-lactic  acids  in 
infants  and  adults. 
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Chemical  names 
Empirical  formula 

Structural  formula 

Molecular,  wglght 

Definition 

Description 

Uses 


MALIC  ACID 

DL-Malic  acid;  Hydroxysuccinic  acid 
C4H6°5 

HO-CH-COOH 

6h2-cooh 

134.09 

Kalic  acid  after  drying  for  5  hours  at  105°  contains 

not  les3  than  99  per  cent.  C.H,G... 

4  o  p 

Malic  acid  occurs  as  white  crystals  or  a  crystalline 
powder;  it  is  odourless  and  has  a  characteristic 
acid  taste. 

As  an  acidulant  and  flavouring  agent. 


Biological  Data 

Biochemical  aspects 

The  metabolism  of  L(+)-malic  acid  is  well  understood,  but  little  is  known 
about  the  fate  of  D(-)-malic  acid  in  the  body.  It  has  been  suggested  that 
L(+)-malic  acid  is  more  easily  oxidized  in  the  animal  body  (Pohl,  1896)  and 
of  parenterally  administered  DL-malic  acid  in  rabbits  and  dogs  only  D(-)-malic 
acid  was  recovered  in  the  urine  (Toaita,  *921).  Incubation  of  DL-malic  acid 
with  muscle  enzyme  preparations  removes  the  L(+) -isomer  preferentially 
(Dakin,  1922).  Rabbits  were  injected  with  1.7  or  2.C  g  L(-0 -malic  acid  and 
1,  1.5  and  .  g  DL-malic  acid.  The  L(+)-lsomer  was  practically  non-toxic, 
having  a  negligible  effect  on  rate  or  over-all  renal  output  of  phenolsulfon- 
phthalein  and  no  effect  on  non-protein  nitrogen  and  chloride  level  of  the  blood 
n.e  DUlsomer  produced  a  reduction  in  the  excretion  rate  and  total  output  of 
th.  phthalein  dye  and  a  rise  in  non-protein  nitrogen.  Neither  forms  altered 
the  blood  creatinine  level  (Rose,  1925)  The  addition  of  DL-malic  acid  to  diet, 
poor  in  carbohydrate  led  to  an  increase  of  glycogen  in  the  liver  of  rats 
Ironsford  &  Smedley-MacLean,  1932). 

Malic  acid  is  an  intermediate  in  the  Krebs  cycle. 
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Acute  toxicity 


Animal 

Route 

Lethal  Dose 
(rag/ kg  body-weight) 

References 

Rabbit 

Dog 

oral 

oral 

5  000  (L(+) -malic) 

1  000  (Sodium  malate) 

Weiss  et  al.,  1923 

Underhill  &  Pack,  1925 

Short-term  studies 

A  rabbit  war  killed  after  subcutaneous  injections  of  DL-malic  acid 
of  3  and  5  g  on  successive  days  and  1.5  g  after  omitting  1  day.  Renal 
histology  revealed  small  areas  of  cortical  haemorrhages,  some  tubular 
epithelial  degeneration  and  scattered  glomerular  obliteration  (Rose,  1925). 

Long-term  studies 

No  studies  in  animals  are  available.  Foods  containing  malic  acid 
have  been  consumed  by  man  for  centuries  without  any  apparent  adverse 
effects.  The  daily  human  consumption  of  malic  acid  from  vegetables,  fruits 
and  their  juices  is  calculated  to  be  in  the  order'  of  1.5  to  3  g  (Hartmann  & 
Hillig,  1934). 

Special  studies  on  maleic  acid 

The  need  to  impose  a  severe  limitation  on  the  content  of  maleic  acid 
in  malic  acid  arises  from  the  established  nephrotoxicity  of  maleic  acid. 

In  male  rats  diets  containing  1  per  cent,  or  more  of  maleic  acid  brought  about 
growth  retardation,  increased  mortality  and  changes  in  the  renal  proximal 
convoluted  tubules  (Fitzhugh  &  Nelson,  1947).  Intraperitoneal  administration 
of  0.1  M  sodium  maleate  in  daily  doses  of  1-2  ml/kg  for  2-3  weeks  produced 
glucosuria,  phosphaturia  and  aminoaciduria.  There  was  no  evidence  of  per¬ 
manent  renal  damage  (Harrison  &  Harrison,  1954).  Graded  doses  of  sodium 
maleate  produced  the  same  effects,  together  with  proteinuria,  polyuria  and 
deficient  acidification  of  urine,  the  severity  depending  on  the  dose.  Succini 

dehydrogenase  activity  was  decreased,  especially  in  the  renal  cortex.  Morpho¬ 

logical  changes  in  the  proximal  convoluted  tubules  accompanies  the  functional 
defect  (Worthen,  1963). 

Comments 

In  evaluating  the  acceptance  of  malic  acid,  emphasis  is  placed  on  its 
well-established  metabolic  pathway  and  the  daily  consumption  of  malic  ac  &- 
containing  food.  However,  there  is  some  doubt  concerning  the  utilization  in 
the  body  of  the  D(-) -isomer  of  malic  acid. 
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Evaluation 

F.stlmate  of  acceptable  dally  Intake  of  the  L(+  )-lsomer  for  man 

No  limit  need  to  be  set  for  the  acceptable  daily  intake  for  man  of  the 
L(+)-isomer  of  malic  acid. 

Estimate  of  acceptable  dally  intake  of.  the.Jjl^l-^ieQMr.for  man 

Conditional  acceptance  0-100 

Limitation  of  use 

Neither  the  D(-)  nor  DL-malic  acid  should  be  added  to  food  for  very 
young  infants  except  for  therapeutic  purposes. 

For  adults  the  acceptable  daily  intake  of  DL-malic  acid  is  calculated 
from  the  D(-)-malic  acid  content. 

Further  work  required 

Metabolic  studies  on  the  utilization  of  D(-)  and  DL-malic  acids  in 
infants  and  adults. 
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AMMONIUM  CARBONATE 

Definition 

Ammonium  carbonate  consists  of  ammonium  hydrogen 
carbonate  (NH^HCO^)  and  ammonium  carbamate  (NH^.COONH  ) 
in  varying  proportions.  It  yields  not  less  than  30  per 

cent,  and  not  more  than  33  per  cent,  of  NH^. 

DescriDtion 

Ammonium  carbonate  occurs  as  a  white  powder  or  hard, 
white  or  translucent  masses,  having  a  strong  odour  of 
ammonia. 

Uses 

As  a  buffer  and  neutralizing  agent. 

Evaluation 

(See  p.  159) 

Svnonva 

CALCIUM  CARBONATE 

Chalk 

Chemical  name 

Calcium  carbonate 

Emnirical  formula 

CaC03 

Molecular  weieht 

100.09 

Definition 

Calcium  carbonate  contains  not  less  than  98.0  per 
cent.  CaCO^,  after  drying. 

DescriDtion 

Calcium  carbonate  occurs  as  a  white  micro-crystalline 

powder.  It  is  odourless  and  tasteless. 

Uses 

As  a  neutralizing  agent,  a  nutrient  supplement,  and 

a  firming  agent. 

Evaluation 
(See  p.  159) 
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MAGNESIUM  CARBONATE 

Definition 

Magnesium  carbonate  contains  the  equivalent  of  not 
less  than  24  per  cent,  and  not  more  than  26.4  per 
cent,  of  Mg. 

DescriDtion 

Magnesium  carbonate  is  a  basic  hydrated  magnesium 
carbonate  or  a  normal  hydrated  magnesium  carbonate 

or  a  mixture  of  the  two.  It  occurs  as  odourless, 

light,  white,  friable  masses  or  as  a  bulky  white 

powder. 

Uses 

As  a  neutralizing  or  anticaking  agent. 

Evaluation 

(See  p.  159) 

Chemical  name 

POTASSIUM  CARBONATE 

Potassium  carbonate 

EmDirical  formula 

K2C03.  1  1/2  H20 

Molecular  weight 

138.21  (anhydrous) 

Definition 

Potassium  carbonate  contains  not  less  than  99.0  per 
cent.  l^CO^,  after  drying. 

DescriDtion 

Potassium  carbonate  occurs  as  a  white  crystalline  or 
granular  powder.  It  is  odourless,  has  a  strong 

alkaline  taste,  and  is  very  deliquescent.  It  is 

available  commercially  as  the  anhydrous  salt  and  as 
the  crystalline  material. 

Use 

As  a  neutralizing  agent. 

Evaluation 

(See  p.  159) 
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SODIUM  CARBONATE 

chemical  name 

Sodium  carbonate 

Empirical  formula 

Na2C0  .  xH20 

Molecular  weight 

105 . 39  (anhydrous ) 

Definition 

Sodium  carbonate  contains  not  less  than  99.0  per 
cent,  of  Na^CO^,  after  drying. 

Description 

Sodium  carbonate  occurs  as  colourless  crystals  or  as 
a  white,  granular  or  crystalline  powder. 

Use 

As  neutralizing  agent. 

Evaluation 

(See  p.  159) 

Chemical  names 

AMMONIUM  HYDROGEN  CARBONATE 

Ammonium  hydrogen  carbonate:  Ammonium  bicarbonate 

Empirical  formula 

NH.HC0_ 

4  j 

Molecular  weight 

79.06 

Definition 

Ammonium  hydrogen  carbonate  contains  not  less  than 

99  per  cent,  and  not  more  than  the  equivalent  of 

100. 5  per  cent.  NH. . 

4 

Description 

Ammonium  hydrogen  carbonate  occurs  as  white  crystals 

or  as  crystalline  powder  having  a  slight  odour  of 

ammonia. 

Uses 

As  a  buffer  and  neutralizing  and  leavening  agent. 

Evaluation 

(See  p.  159) 
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POTASSIUM  HYDROGEN  CARBONATE 

Chemical  name 

Potassium  hydrogen  carbonate;  Potassium  bicarbonate 

EmDirical  formula 

khco3 

Molecular  weight 

100.12 

Definition 

Potassium  bicarbonate  contains  not  less  than  99  per 
cent,  and  not  more  than  the  equivalent  of  101  per 
cent.  KHCO^,  after  drying. 

DescriDtion 

Potassium  hydrogen  carbonate  occurs  as  odourless, 
colourless,  crystals  or  as  a  white  powder  or 
granules . 

Uses 

As  a  neutralizing  and  leavening  agent. 

Evaluation 

(See  p.  159) 

Synonvm 

SODIUM  HYDROGEN  CARBONATE 

Baking  soda 

Chemical  names 

Sodium  hydrogen  carbonate;  Sodium  bicarbonate 

EmDirical  formula 

NaHCG3 

Molecular  weight 

84.01 

Definition 

Sodium  hydrogen  carbonate  contains  not  less  than 
99.0  per  cent.  NaHC03,  after  drying. 

DescriDtion 

Sodium  bicaroonate  occurs  as  an  odourless  white 
crystalline  powder. 

Uses 

As  neutralizing  and  leavening  agent. 

Evaluation 

(See  p.  159) 
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AMMONIUM  HYDROXIDE 

Synonyms 

Strong  ammonia  solution 

Chemical  name 

Ammonium  hydroxide 

Empirical  formula 

NH.OH 

u 

Molecular  weight 

35-05 

Definition 

Ammonium  hydroxide  is  an  aqueous  solution  containing 
not  less  than  27  per  cent,  and  not  more  than  30  per 
cent,  by  weight  of  NH^. 

Description 

Ammonium  hydroxide  occurs  as  a  clear,  colourless 
solution  of  Nli^,  having  an  exceedingly  pungent 
characteristic  odour. 

Use 

As  a  neutralizing  agent. 

Evaluation 

(See  p.  159) 

Chemical  name 

CALCIUM  HYDROXIDE 

Calcium  hydroxide 

Empirical  formula 

Ca(0H)2 

Molecular  weight 

74.09 

Definition 

Calcium  hydroxide  contains  not  less  than  95  per  cent, 
of  Ca(0H)2. 

Description 

Calcium  hydroxide  occurs  as  a  white  powder,  possessing 

a  slightly  bitter  alkaline  taste. 

Use 

As  a  neutralizing  agent. 

Evaluation 

(See  p.  159) 
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MAGNESIUM  HYDROXIDE 

Chemical  name 

Magnesium  hydroxide 

Rmnirical  formula 

Mg ( OH ) 2 

Molecular  weight 

58.34 

Definition 

Magnesium  hydroxide  contains  not  less  than  95  per 
cent.  Mg(0H)2,  after  drying. 

Description 

Magnesium  hydroxide  occurs  as  an  odourless,  white,  bulky 
powder  with  a  slight  alkaline  taste. 

Uses 

As  a  neutralizing,  drying  and  colour  retention  agent. 

Evaluation 

(See  p.  159) . 

Chemical  name 

POTASSIUM  HYDROXIDE 

Potassium  hydroxide 

Empirical  formula 

KOH 

Molecular  weight 

56.11 

Definition 

Potassium  hydroxide  contains  not  less  than  85  per  cent, 
of  total  alkali  calculated  as  KOH. 

Description 

Potassium  hydroxide  occurs  as  white  or  nearly  white 
pellets,  flakes,  sticks,  fused  masses  or  other  forms. 

Use 

As  a  neutralizing  agent. 

Evaluation 

(See  p.  159) 
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Chemical  name 
Empirical  formula 

Molecular  weight 

Definition 

Description 

Use 


Chemical  name 
Empirical  formula 

Molecular  weight 

Definition 

Description 


Caution 

Use 


SODIUM  HYDROXIDE 

Sodium  hydroxide 

NaOH 

40.00 

Sodium  hydroxide  contains  not  less  than  95  per  cent,  of 
total  alkali  calculated  as  NaOH. 

Sodium  hydroxide  occurs  as  white,  or  nearly  white 
pellets,  flakes,  sticks,  fused  masses  or  other  forms. 

As  neutralizing  agent. 

Evaluation 
(See  p.  159) 


CALCIUM  OXIDE 

Calcium  oxide 
CaO 
56.08 

Calcium  oxide,  after  heating  at  about  800°  contains  not 
less  than  95  per  cent.  CaO. 

Calcium  oxide  occurs  as  an  odourless,  hard,  white 
or  greyish  white  mass  or  granules  or  a  white  to 
greyish  white  powder. 

Protect  eyes  when  adding  water. 

As  a  neutralizing  agent. 

Evaluation 


(See  p.  159) 
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MAGNESIUM  OXIDE 

Chemical  name 

Magnesium  oxide 

EmDirical  formula 

MgO  i 

Molecular  weieht 

40.31 

Definition 

Magnesium  oxide  contains  not  less  than  96  per  cent,  of  MgO 
after  heating  at  about  800°. 

Description 

Magnesium  oxide  occurs  as  a  very  bulky  white  powder,  known 
as  light  magnesium  oxide,  or  as  a  relatively  dense,  white 
powder,  known  as  heavy  magnesium  oxide.  Five  grams  of 

light  magnesium  oxide  occupy  a  volume  of  approximately 

40  to  50  ml,  while  5  g  of  heavy  magnesium  oxide  occupy  a 
volume  of  approximately  10  to  20  ml. 

Use 

As  a  neutralizing  agent. 

Evaluation 

Provided  the  nutritional  implications  of  the  over-all  dietary  intake  of 
cations  derived  from  these  additives  are  taken  into  account,  there  appear  to 
be  no  toxicological  grounds  to  limit  their  use  in  accordance  with  good  manu¬ 
facturing  practice. 


-  160  - 


MANNITOL 


Synonyms 
Chemical  riprap 
OBDirical  formula 

Structural  formula 


D-Mannitol;  Mannite 
l>2j3»4»5)6-Hexanehexol 


C6HH°6 


H  H  OH  OH 

HOCH  -  C-C-C-C-  CH  OH 
z  i  i  i  r  2 

OH  OH  H  H 


Molecular  weight 

Definition 


Description 


182.17 

Mannitol  consists  of  D-mannitol  and  contains,  after 

drying,  not  less  than  98  per  cent,  and  not  more  than 

the  equivalent  of  102  per  cent,  of  C,H,  0,. 

o  14  6 

Mannitol  is  a  white  crystalline  solid  which  is  odourless 
and  has  a  sweet  taste. 

Sweetening  agent,  humectant,  sequestrant. 


Biological  Data 

Biochemical  aspects 

D-mannitol  occurs  widely  in  nature  in  a  variety  of  plants,  algae,  fungi 
and  certain  bacteria.  L-mannitol  does  not  occur  naturally.  Traces  of 
mannitol  have  been  identified  occasionally  in  human  urine  (Pitkanen  & 

Pitkanen,  1964) . 

D-mannitol  has  a  slow  rate  of  absorption  from  the  intestinal  tract  and 

exerts  laxative  properties.  The  laxative  threshold  for  man  was  found  to  lie 

between  10  and  20  g  of  D-mannitol  per  single  dose  (Ellis  &  Krar.tz,  1941). 

D-mannitol  fed  to  dogs  was  excreted  in  large  quantities  in  the  urine  (Jaffe, 

1883).  When  ^C-D-mannitol  was  given  at  a  rate  of  240  mg/rat  orally  to 

non-fasted  rats,  about  50  per  cent,  of  the  radioactivity  was  recovered  in  the 

expired  ^C0_  (Wick  et  al.,  1954).  In  similar  experiments,  also  using 
14 

C-D-mannitol  at  a  rate  of  500  mg/kg  body-weight,  fasted  rats  oxidized  40 
per  cent,  of  the  dose  to  non-fasted  rats  68  per  cent.;  9.74  per  cent, 

was  stored  in  the  carcass;  1.28  per  cent,  in  the  liver  and  6.32  per  cent,  was 
excreted  in  the  urine  (Gongwer,  1963).  Feeding  D-mannitol  to  rats  and  dogs  led 
to  a  small  but  significant  increase  of  liver  glycogen  (Carr  et  al.,  1933; 

Todd  et  al.,  1939;  Silberman  &  Lewis,  1933;  Carr  &  Krantz,  1938). 
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When  1/*C-D-manr.itol  was  administered  to  rats  by  i.p.  injection, 

77_97  per  cent,  of  the  dose  was  excreted  in  the  urine  within  24  hours,  and 
only  2-3  per  cent,  of  the  mannitol  carbon  was  oxidized  to  CC.,.  Additional 
experiments  using  injection  directly  into  the  portal  vein  showed  that  mannitol 
could  be  oxidized  by  the  liver  only  (Wick  et  ai.,  1154). 

I.v.  administered  D-mannitol  was  completely  cleared  by  the  kidneys  of  2 
dogs  at  rates  identical  to  inulin  and  creatinine  (Smith  et  al.,  1940). 

Mannitol  did  not  elevate  the  blood  sugar  level  of  dogs  upon  i.v.  injection 
at  a  rate  of  22.5  g/dog  (Todd  et  al.,  1939). 

In  man,  i.v.  administration  of  D-mannitol  is  practiced  for  induction  of 
diuresis  in  oliguria  or  for  forced  diuresis  in  poisoning  cases  or  to  measure 
the  extracellular  fluid  compartment.  There  is  an  extensive  literature  avail¬ 
able  on  these  aspects  (Milne,  1965;  Widdowson  et  al.,  1964).  following  the 
i.v.  injection  of  10  g  D-mannitol  into  man,  81  per  cent,  of  the  dose  was 
excreted  unchanged  in  the  urine  and  up  to  80  g  produced  no  toxic  effect  (Smith 
et  al.,  1940).  Administration  of  25  g  of  D-mannitol  on  3  subsequent  days  to 
man  did  not  significantly  influence  either  the  blood  sugar  level  or  the 
respiratory  quotient  (Ellis  &  Krantz,  1941).  When  100  g  D-mannitol  was  fed 
to  man,  the  maximum  rise  in  blood  sugar  level  was  10  mg  per  cent.  (Field,  1919). 

Acute  toxicity 


Animal 

Route 

LD50 

(mg/kg  body-weight) 

References 

Mouse 

oral 

22  000 

Gongwer,  I960 

i.v. 

16  800 

Robb,  1964 

i.p. 

14  000-16  000 

Beck  et  al.,  1936 

Rat 

oral 

17  300 

Gongwer ,  I960 

Mice  diet  with  signs  of  central  nervous  system  depression  and  gastrointes¬ 
tinal  tract  mucosal  damage;  rats  died  with  predominantly  gastrointestinal  tract 
signs  (Gongwer,  I960;  Gongwer,  1961). 

Short-term  studies 

Rat.  Groups  of  20  male  rats  were  fed  35  per  cent,  sucrose  plus  5  per 
cent.  D-mannitol  or  40  per  cent,  sucrose  (control  group)  over  a  period  of  3 
months.  The  growth  curves  showed  that  D-mannitol  was  nutritionally  inferior 
to  sucrose  (Ellis  &  Krantz,  1341).  These  results  are  ir.  accord  with  earlier 
findings  that  mannitol  is  inferior  to  sucrose,  as  judged  by  weight  gain  of 
rats  (Ariyama  et  al.,  1329). 
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‘'j'.ntv .  Three  rhesus  monkeys  were  each  fed  3  g  of  D-mannitol  daily, 
for  3  months.  Two  animals  were  employed  as  controls.  No  toxic  signs  nor 
oat  .o':  ..  .ti  n'll  changes  wen  observed  (Ellis  at  Krar.tz,  1941). 

Mar  .  The  i.v.  injection  of  10  g  of  D-mannitol  daily  over  a  period  of 
1  month  produced  r.o  significant  changes  in  non-protein  nitrogen,  or  CO^- 
comoining  power  of  blood,  red  cell  count  or  renal  function  (Ellis  &  Krantz, 
1941). 

Long-term  studies 

No  data  are  available. 

Comments 

The  poor  absorption  shown  in  the  metabolic  studies  and  a  long  clinical 
experience  in  man  support  the  safety  of  D-mannitol. 

Evaluation 

The  many  studies  that  have  been  carried  out  in  man  provide  a  basis  for 
evaluation. 

Estimate  of  acceptable  daily  Intake  for  man 

mr/kg  bodv-weight 


unconditional  acceptance 
Conditional  acceptance 


0-50 

50-150 
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POLYVINYLPYRROLI DONE 

Synonyms  Polyvidone;  PVP 

Empirical  formula  (C,H^ON) 

o  9  n 

Structural 


Molecular  weight  of  unit:  111.1 


Definition 


Description 


Jses 


Average  molecular  weight  range  of  the  polymer  between 
11  500  and  25  000. 

Polyvinylpyrrolidone  contains  not  less  than  95  per  cent. 

<W>n- 

Fine  white  or  light  yellow  powder,  odourless,  tasteless 

and  slightly  hygroscopic. 

Clarifying  agent. 


Biological  Data 

Biochemical  aspects 

Polyvinylpyrrolidone  (PVP)  is  a  aacroraolecular  polymer  of  N-vinylpyrrolidone . 
It  is  metabolically  inert  in  rat,  dog  and  man  as  shown  by  experiments  using 
^*C-  cr  ‘‘■'^I-labelled  PVP  (Ravin  et  al.,  1952).  It  has  been  widely  used  as 
plasma  expander.  The  excretion  of  PVP  is  inversely  related  to  increasing 
molecular  weight.  The  glomerulus  can  excret  all  PVP  of  molecular  weight 
40  000  or  below  within  a  few  days  (Ravin  et  al.,  1952).  Low  molecular  weight 
PVP  adsorbs  various  substances,  e.g.  bacterial  toxins,  inorganic  poisons, 
barbiturates,  vitamins  and  hormones  in  the  blood,  either  reducing  their  toxicity 
or  prolonging  their  activity  (Veese,  1944).  In  blood  it  is  mainly  attached  to 
the  y-globulins  (Bennhold  &  Schubert,  1944).  The  reticuloendothelial  system 
retains  PVP  with  a  molecular  weight  in  excess  of  about  100  000  for  a  long  time 
(Ravin  et  al.,  1952;  Heinrich  et  al.,  1966;  Weese  &  Fresen,  1952).  PVP 
is  also  accumulated  in  the  mitochondria  of  the  kidneys  (Traenckner ,  1954). 

In  the  PVP-storing  cells  it  if  surrounded  by  proteins,  carbohydrates  and  iirids 
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in  a  cepauls-liJttt  manner,  perhaps  due  to  coacervation  processes  (Hiibner,  I960). 
The  problem  of  vhethsr  the  extremely  long  storage  of  FVF  in  tha  body  produces 
toxic  effects  is  open  to  discussion  (Altemeir  at  ai.,  1954;  Ammon  &  Miller, 

1949). 

Transfer  of  intravenously  injected  PVP  to  the  brain  or  through  the  placenta 

131 

was  not  observed  (Ravin  et  al.,  1952).  I.v.  injection  of  I-labelled  FV? 
has  been  clinically  used  to  detect  gastrointestinal  protein  losses. 

PV?  of  m.w.  11  500  is  not  absorbed  from  the  intestinal  tract  by  man  or 
by  rat  (Angervall  &  Berntsson,  1961).  PVP  of  m.w.  16  000  is  not  absorbed  from 
the  gastrointestinal  tract  by  guinea-pigs  (Scheffner,  1955). 


Animal 

Route 

Molecular  weight 

J"^50 

(mg/kg  body-weight) 

References 

Rat 

oral 

10  000-30  000 

>40  000 

Scheffner,  1955 

Badischa  Anilin  und 
Sodafabrik,  1958 

Mouse 

oral 

>40  000 

Scheffner,  1955 

Badische  Anilin  und 
Sodafabrik,  1953 

i.p. 

12  000-15  000 

Angervall  & 
Berntsson,  1961 

Rat 

oral 

40  000 

100  000 

Burnette,  1962 

Shelanski  et  al., 

1954 

Guinea-pig 

oral 

40  000 

100  000 

Burnette,  1962 

Shelanski  et  al., 

1954 

Oral  PVP  (m.w.  up  to  40  000)  in  higher  doses  causes  diarrhoea,  the  minimal 
effective  dose  being  0.5  g/kg  body-weight  for  cats,  and  1-2  g/kg  body-weight 
for  dogs  (Scheffner,  1955). 


Short-term  studloa 

PVP  molecular  weight  up  to  10  OOP 

Dog.  Four  groups  of  4  beagle  dogs  were  fed  0,  2,  5  and  10  per  cent.  PVP 
(m.w.  38  000)  for  2  years.  There  were  no  differences  in  weight  gain,  food 
consumption  and  results  of  the  examinations  of  blood  and  urine.  At  the  end 
of  the  2-year  period  all  animals  were  in  good  health  and  histological  examination 
disclosed  no  specific  changes,  except  for  swollen  RES  cells  in  the  mesenteric 
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and  other  lymph  nodes  of  all  test  group.,,  especially  at  the  10  Fer  cent,  level 
PVP  was  defected  in  the  urine.  No  malignant  tumour,  were  detected 

In  2  similar  feeding  experiments  using  a  total  of  32  dogs 
and  Ustine  for  1  year  adverse  effect,  could  bo  detected.  The  intestines, 

lv leans  and  livers  of  all  animals  were  shown  to  be  free  of  PVP,  but  PVP  was 

demonstrated  in  the  mesenteric  lymph  nodes  of  all  animals,  including  the  con¬ 
trols  (Surnette,  1962). 

Several  other  short-term  studies  in  rat,  cat  and  dog  showed  no  toxic 
effects  (Scheffner,  1955). 

PVP  molecular  weight  220  000-1  500  000 

Po£.  Two  dogs  ve^a  given  oral  doses  of  5  g/kg  body-weight  FVP  (m.v. 

220  "l(‘°  and  1  500  000 '  for  1-1/2  weeks  and  2  weeks  respectively  without  -any 
abnormal  findings  (Scheffner,  1955). 

long-term  studies 

Rat.  Groups  of  rats  were  fed  diets  containing  0,  1  and  10  per  cent.  PVP 
t-n.v.  38  000)  for  2  years.  No  toxic  effects  or  gross  or  histolcgical  changes 
were  noted  which  could  be  attributed  to  the  test  compound.  There  was  no 
evidence  of  absorption  of  PVP  from  the  intestinal  tract  (Hadische  Anilin  und 
Sodafabrik,  1958;  Surnette,  1962). 

Comments 

There  is  a  large  amount  of  experience  available  on  the  parenteral  admini¬ 
stration  of  P \/F  to  men.  I.v.  injected  PVP  having  a  molecular  weight  exceeding 
40  000  is  stored  in  the  body  for  a  long  time,  mainly  in  the  RES.  Orally 
administered  PVP  is  not  absorbed  from  the  intestinal  tract  except  oerhaps  in 
very  small  quantities  that  may  enter  the  intestinal  lymph  nodes.  Further 
feeding  experiments  in  order  to  clarify  the  problem  of  possible  storage  of  PVP 
in  intestinal  lymph  nodes  arid  studies  on  the  possible  effects  of  PVP  on  the 
absorption  of  nutirents  are  required  within  the  next  2  years. 

Evaluation 

The  animal  data  provided  do  not  allow  the  use  of  the  normal  procedure  for 
arriving  at  an  acceptaole  daily  intak.6  for  man.  The  evaluation  is  based 
pr ovisionally  on  the  large  clinical  experience  in  man  and  the  known  metabolic 
inertness  of  this  substance.  No  unconditional  acceptance  can  be  given  because 
of  probable  accumulation  in  the  lymph  nodes. 
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estimate  of  acceptable  daily  intake  lor  mar, 

Tnp/kp-  body-weight 

Conditional  acceptance 
Further  work  required 

Further  feeding  experiments  in  order  to  clarify  the  problem  of  a 
possible  storage  of  PVP  in  the  intestinal  lymph  nodes.  Studies  on  the 

Dossible  effects  of  PVP  on  the  absorption  of  nutrients. 
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SORBITOL 


D-Glucitol;  D-aorbitol;  D-sorbit 
Caemlc^J.  name  1 ,2,3,4,5,6-Hexanehexol 

Qnpjrical  formula  C6HU°6 

structural  formula 

OH  H  OH  OH 
1111 

HOCH_—  C  -C  — C  —  C  —  CH„0H 
2  I  I  I  I  2 

H  OH  H  H 


Molecular  welrht  182.17 


Definition 


Description 


Sorbitol  consists  essentially  of  D-glucitol  with  a 
small  quantity  of  D-iaannitol  and  traces  of  other  poly- 
hydric  alcohols.  The  material  is  available  both  as 
an  almost  anhydrous  crystalline  solid,  and  as  a  70  per 
cent,  by  weight  aqueous  solution. 

Crystalline  Sorbitol  contains  not  less  than  91  per  cent, 
of  D-glucitol. 

Sorbitol  solution  contains  not  less  than  64  £  of  D-glucitol 
per  100  g  of  solution. 

Crystalline  Sorbitol  is  a  while  hygroscopic  powder  with  a 
sweet  taste. 

Sorbitol  solution  is  a  clear,  colourless,  syrupy  liquid 
with  a  pleasantly  sweet  taste. 

Sweetening  agent,  sequestrar.t,  humectant,  e.g.,  in 
diabetic  foods  and  special  dietary  products  and  in 
soft  drinks. 
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The  specifications  for  identity  and  purity  and  the  biological  data  are 
found  in  the  Seventh  Report  of  the  Joint  FAO/WHO  Expert  Committee  on  Food 
Additives.'*' 

Re-evaluation 

Considering  the  biological  data  set  out  in  the  Seventh  Report  and  the 
known  facts  about  the  nutritional  properties  of  sorbitol  there  appears  to 
be  no  need  for  limitation  of  sorbitol  in  the  human  diet  on  toxicological 
grounds . 


FAO  Nutrition  Meetings  Report  Series.  No  IS* 
Rep.  Ser .  T  1964 «  281  - ’ 
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